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1.0 Introduction

This geotechnical engineering report provides conclusions and recommendations to facilitate final design and construction of
proposed Grade Separation Barrier 05.33R; retaining Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment EMB: 1-405
SB MP 5.97 to 5.83. The referenced barrier, walls, and embankment are part of Segment 1A of the Interstate 405 (I-405)
Renton to Bellevue Widening and Express Toll Lanes project. A Vicinity Map of Segment 1A is included as Figure 1.

Locations of the proposed barrier, walls, and embankment addressed in this geotechnical engineering report are presented on
Retaining Wall Plan Figures 28, 2T, and 2U. Barrier, wall, and embankment profiles and design sections are presented in
Appendices C through G.

This geotechnical engineering report has been prepared in accordance with the requirements presented in the 1-405 Renton to
Bellevue Widening Project conformed Request for Proposal (RFP), specifically Section 2.6.5.3, and the applicable sections of
the Washington State Department of Transportation (WSDOT) Geotechnical Design Manual (GDM) M 46-03.11 including the
project-specific revised GDM Chapters 6 and 15 provided in the conformed RFP (Project GDM).

2.0 Description of Barrier, Walls, and Embankment

Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment EMB: I-405 SB MP 5.97 to 5.83
are addressed in this geotechnical engineering report. The barrier, walls, and embankment are described below. Table 1
presents a summary of the barrier, wall, and embankment sections considered in design.

Grade Separation Barrier 05.33R: Grade Separation Barrier 05.33R is a rigid, concrete barrier located on the east side of
northbound 1-405, west of the North Southport Drive on-ramp. It is approximately 100 feet in length and 4 feet tall at its
maximum exposed height. It is our understanding that the back of the barrier will be battered at 4H:21V (horizontal to vertical)
(10.8 degrees from vertical). The critical design section was selected based on maximum barrier height.

Grade Separation Barrier 05.33R will be designed in accordance with WSDOT Bridge Design Manual (BDM) Section 10.3.1
for differential grade concrete barriers. Design calculations for Grade Separation Barrier 05.33R will be submitted under
separate cover by the design-build team’s wall designers.

Wall 05.55L: Wall 05.55L is a cast-in-place (CIP) concrete retaining wall located on the west side of the southbound 1-405 off-
ramp to Southport Drive. It is approximately 130 feet in length and 4.5 feet tall at its maximum exposed height. The critical
design section was selected based on maximum wall height.

Walls 05.85L-A and 05.85L-B: Walls 05.85L-A and 05.85L-B are Structural Earth Walls (SEWs) located on the west side of
southbound 1-405, north of the North Southport Drive off-ramp. Wall 05.85L-A is approximately 100 feet in length and about
17 feet tall at its maximum exposed height. Wall 05.85L-B is approximately 335 feet in length and about 20 feet tall at its
maximum exposed height. Walls 05.85L-A and 05.85L-B will be designed with consideration of forward compatible loading
for future widening of [-405. The critical design sections for these walls were selected based on maximum wall height. Based
on wall/slope geometry and maintenance of traffic (MOT) requirements, temporary shoring will be required to facilitate
construction of Walls 05.85L-A and 05.85L-B.

Embankment EMB: 1-405 SB MP 5.97 to 5.83: Embankment EMB: I-405 SB MP 5.97 to 5.83 is located on the west side of
southbound 1-405 between Walls 05.85L-A and 05.85L-B. EMB: 1-405 SB MP 5.97 to 5.83 is a widening of the existing
embankment and will be constructed with 2H:1V side slopes. As noted in the reference report in the RFP “General Geologic
Characterization and Unstable Slope Evaluation” dated December 14, 2018, a fill slope failure (SB2: SB 1-405 MP 5.90 — 5.94)
occurred at the location of proposed EMB: I-405 SB MP 5.97 to 5.83 during the I-405 widening in 1985. The slope failure was
mitigated by construction of a rock buttress and toe drainage system that will remain in-place for the proposed embankment
construction. The critical design section was selected near the midpoint of the embankment.
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Table 1: Summary of Critical Design Sections by Barrier/WalllEmbankment

Design Maximum

Design . Section Exposed !Vlinimum Foreslope Backslope
Cut/Fill . h Reinforcement Wall Type
Element Stations/ Height (degrees) (degrees)
. Length (feet)
Mileposts (feet)
Grade
Separation Fill Sta. 1+58 4.0 NA 0 17.5 NA
Barrier 05.33R
Wall 05.55L Fill Sta. 1+50 4.5 NA 15 0 Cast-In-Place
, 15.5" (upper 6 rows) Structural Earth
Wall 05.85L-A Fill Sta. 1+90 16.7 202 (bottom 2 rows) 27 27 Wall
Wall 05.85L-B Fill Sta. 2+60 19.6 16.53 15 27 Structural Earth
Embankment
EMB: |-405 SB .
MP 5.97 to Fill MP 5.88 NA NA NA NA NA
5.83
Notes:

1. To satisfy minimum global and compound stability requirements, the reinforcement length is approximately 0.8 times the
height of the wall (exposed height plus embedment depth).

2. To satisfy minimum compound stability requirements, the reinforcement length is approximately 1.0 times the height of the
wall (exposed height plus embedment depth).

3. Reinforcement length is approximately 0.7 times the height of the wall (exposed height plus embedment depth).

Abbreviations:

MP = Mile Post

NA = Not Applicable
Sta. = Station

3.0 Surface Conditions

Grade Separation Barrier 05.33R: The existing ground surface at Grade Separation Barrier 05.33R is a vegetated slope with
grass and some small trees.

Wall 05.55L: The existing ground surface at Wall 05.55L is a relatively steep slope covered with mature trees and grasses.
Wall 05.85L-A: The existing ground surface at Wall 05.85L-A is a relatively steep slope covered with mature trees and grasses.
Wall 05.85L-B: The existing ground surface at Wall 05.85L-B is a relatively steep slope covered with trees and grasses.

Embankment EMB: 1-405 SB MP 5.97 to 5.83: The existing ground surface at embankment EMB: [-405 SB MP 5.97 to 5.83
is a steep slope covered with mature trees and grasses. Quarry spalls are placed at the toe of the slope as a rock buttress
installed as part of the 1985 fill landslide repair.

4.0 Explorations and Laboratory Testing
4.1 Conformed RFP Explorations and Laboratory Testing

We reviewed previous subsurface explorations and laboratory test results provided in the RFP Geotechnical Data Report
(GDR). Information reviewed included historic data from previous studies along the project alignment and project-specific data
from explorations completed prior to preparation of the RFP (RFP explorations). Exploration logs and laboratory test results
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used for soil property and subsurface profile development are reproduced in Appendices A and B, respectively. The historic
and RFP exploration locations are shown on Retaining Wall Plan Figures 2S, 2T, and 2U.

4.2 Explorations Completed by Design-Build Team

To supplement the information provided in the project GDR, subsurface explorations were completed by the design-build team
in compliance with the exploration location, spacing, and depth requirements per Project GDM Section 15-3.4 for the walls and
barrier, and per Project GDM Section 9.1 for the embankment. The supplemental (Post-RFP) explorations consisted of four
borings, W-207-20, W-215-20, W-217-20, and W-218-20, drilled between July and August 2020 near the proposed locations
for Grade Separation Barrier 05.33R, and Walls 05.55L, 05.85L-A, and 05.85L-B, respectively. At Grade Separation Barrier
05.33R and Wall 05.55L, historical and RFP borings were not located within the contractual baseline boundary for retaining
walls outlined in the RFP Geotechnical Baseline Report (GBR); therefore, to characterize subsurface conditions, boring
W-207-20 was drilled near the face of Grade Separation Barrier 05.33R, at approximately the center of the alignment, and
boring W-215-20 was drilled upslope of Wall 05.55L, approximately 23 feet east of the center of the alignment. Boring W-
217-20 was drilled upslope of Wall 05.85L-A to confirm subsurface conditions behind the south end of the wall. Boring W-
218-20 was drilled upslope of Wall 05.85L-B to confirm subsurface conditions behind the north end of the wall.

RFP borings R2B-10-17 and R2B-11-17 were drilled approximately 13 and 28 feet east of the centerline of the Wall 05.85L-B
alignment, respectively, which confirmed subsurface conditions near the wall face.

We used both historical borings H-1-85 and H-2-85 to develop the soil properties at Wall 05.85L-A and embankment EMB:
1-405 SB MP 5.97 to 5.83, however, these borings align at approximately the same location when projected onto the respective
wall and embankment design sections. We used boring H-1-85, which is located within the embankment, to define the
subsurface at the embankment, and we used boring H-2-85, which is located below Wall 05.85L-A, to define the subsurface at
Wall 058.85L-A.

A summary of the historical, RFP, and Post-RFP explorations at the barrier, wall, and embankment locations is presented in
Table 2.

Table 2: Summary of Explorations by Barrier/Wall/Embankment

Maximum Project GDM
Design Nearby Explorations Boring Exploration
Element (Total Explorations) Spacing Compliance
(feet) Requirements
Exploration
compliance

Meets exploration .
requirements for

Grade requirements for walls L
W-207-2
Separation 2 0 A Ti((:);ble under 10 feet in height vl\'/eetraelnalngl;/se/?jlltso
Barrier 05.33R M PP per Project GDM PP
. Grade
Section 15-3.4 s ;
eparation
Barriers
Meets exploration
1 requirements for walls
Wall 05.55L W-215-20 A ’}'.Ot o under 10 feet in height -
(1) pplicable per Project GDM
Section 15-3.4
W-217-20, Meets exploration
H-1-85, requirements for walls
Wall 05.85L-A H-2-85, 95 greater than 100 feet in -
H-3-85 length per Project GDM

(4) Section 15-3.4

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Maximum Project GDM
Design Nearby Explorations Boring Exploration
Element (Total Explorations) Spacing Compliance
(feet) Requirements
W-218-20, Meets exploration
0. requirements for walls
Wall 05.85L-B R28-10-17, 170 greater than 100 feet in -
R2B-11-17 length per Project GDM
@) Section 15-3.4
W-217-20, Meets exploration
Embankment H-1-85, Not requirements for
EMB: 1-405 SB H-2-85, A Ii(?able embankments per -
MP 5.97 to 5.83 H-3-85 PP Project GDM Section

Post-RFP explorations and accompanying Post-RFP laboratory test results used for soil property and subsurface profile
development are reproduced in Appendices A and B, respectively. The Post-RFP exploration locations are shown on Retaining
Wall Plan Figures 28, 2T, and 2U.

5.0 Subsurface Conditions
5.1 Regional Geology

Geologic maps available through the Washington State Department of Natural Resources (WADNR) indicate that the surficial
soils in the vicinity of Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment EMB: I-
405 SB MP 5.97 to 5.83 include Pleistocene continental glacial drift (Qpa) and continental glacial till (Qgt). Glacial drift and
glacial till are both glacially derived and typically glacially overridden, resulting in a very compact nature. Particle size
distribution typically includes sandy silt, silty sand, and sand with silt, all with variable gravel content. Cobbles and boulders
are also commonly present. These units are typically dense to very dense.

5.2 Engineering Stratigraphic Units

Based on our review of subsurface explorations and accompanying laboratory test results, we have defined engineering
stratigraphic units (ESUs) for use in design along the Segment 1 A alignment. ESUs were subdivided to account for variations in
soil density/consistency and dominant grain size. ESUs defined for design of Grade Separation Barrier 05.33R; Walls 05.55L,
05.85L-A, and 05.85L-B; and embankment EMB: 1-405 SB MP 5.97 to 5.83 are summarized below. Subsurface conditions
showing the distribution of ESUs are provided on the profiles and design sections presented in Appendices C through G.

e ESU 1 - Existing Fill

o ESU 1A - Loose to Medium Dense Coarse-Grained Fill: This ESU consists of existing fill, typically very
loose to loose silty sand and sand with varying amounts of silt, gravel, cobbles, and wood. ESU 1A was
encountered directly below the ground surface in borings H-1-85, H-2-85, and H-3-85 near Wall 05.85L-A
and embankment EMB: 1-405 SB MP 5.97 to 5.83. The elevation range at which ESU 1A was observed is
above the existing ground surface at Wall 05.85L-A; therefore, ESU 1A is not expected to be encountered
during construction of the wall.

o ESU 1B — Medium Dense to Very Dense Coarse-Grained Fill: This ESU consists of existing fill, typically
medium dense to very dense silty sand and sand with varying amounts of silt and gravel and localized zones
of debris. This ESU was encountered directly below the ground surface in boring W-207-20 near Grade
Separation Barrier 05.33R, boring W-215-20 near Wall 05.55L, and borings W-218-20, R2B-10-17, and
R2B-11-17 near Wall 05.85L-B.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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o ESU 1C — Very Soft to Medium Stiff/Very Loose to Loose Fine-Grained Fill: This ESU consists of
existing fill comprised of soft lean clay and construction debris, including brick, coal, plaster, and burnt
wood, in boring W-207-20 near Grade Separation Barrier 05.33R. A 16-foot-thick layer of ESU 1C was
encountered below ESU 1B and above ESU 4B in boring W-207-20 near Grade Separation Barrier 05.33R.

e ESU 2 - Coarse-Grained Recent Deposits

o ESU 2A — Very Loose to Loose Sand/Gravel: This ESU consists of very loose to medium dense silty sand
with gravel. Wood may be present locally within this ESU. ESU 2A was encountered in borings H-1-85,
H-2-85, and H-3-85 near Wall 05.85L-A and embankment EMB: 1-405 SB MP 5.97 to 5.83. This ESU was
encountered below ESU 1A and above ESU 2B in borings H-1-85, H-2-85, and H-3-85.

o ESU 2B — Medium Dense Sand/Gravel: This ESU consists of loose to dense silty sand and sandy silt with
varying amounts of gravel and organics. ESU 2B was encountered in borings H-2-85 and H-3-85 near Wall
05.85L-A and embankment EMB: [-405 SB MP 5.97 to 5.83, and in borings R2B-10-17, R2B-11-17, and
W-218-20 near Wall 05.85L-B. Loose to medium dense soils in the unit encountered below the groundwater
showed liquefaction potential in boring H-2-85 near Wall 05.85L-A.

e ESU 4 - Glacially Consolidated Coarse-Grained Deposits

o ESU 4B - Dense to Very Dense Sand/Gravel. This ESU is typically composed of dense to very dense sand
with varying amounts of silt and gravel. Very dense silt was encountered in ESU 4B in boring W-215-20
near Wall 05.55L. ESU 4B was encountered in all borings included in Appendix A of this geotechnical
report. All borings included in Appendix A terminated in this unit.

ESU S — Glacially Consolidated Fine-Grained Deposits
o ESU 5B - Very Stiff to Hard Silt and Clay/Dense to Very Dense Silt. This ESU consists of hard to very
hard clay and hard/very dense silt. A zone of ESU 5B was encountered within ESU 4B in boring W-217-20
near Wall 05.85L-A and embankment EMB: 1-405 SB MP 5.97 to 5.83, and in boring W-218-20 near Wall
05.85L-B.

5.3 Groundwater Conditions

The design groundwater elevations used in our engineering analyses were typically based on the highest groundwater levels
reported on each respective boring log or the nearest available groundwater measurement. The groundwater levels used in
design are shown on the design sections in Appendices C through G.

Groundwater was not observed in boring W-207-20 at Grade Separation Barrier 05.33R. We used a groundwater elevation of
117.3 feet at Bridge 23W based on groundwater observations at the time of drilling in nearby boring H-3-65.

At Wall 05.55L, we used groundwater observations at the time of drilling boring W-215-20 to define a groundwater level at
approximately Elevation 140.2 feet.

At Wall 05.85L-A, groundwater was reported in borings H-1-85, H-2-85, and H-3-85 between Elevation 163 and 210 feet. These
three borings were advanced in 1985. Groundwater was not observed in boring W-217-20, which was advanced in 2020. Because
of the variability in groundwater observations, we developed a steady state seepage model to evaluate the groundwater level at
Wall 05.85L-A. We used the piezometer data collected in 1985 from boring H-3-85 and measured groundwater at the time of
drilling from boring H-2-85 to inform our model.

We also used the steady-state seepage analysis results at Wall 05.85L-A to model the groundwater level at the embankment.
Discussion of our seepage analysis methodology and conclusions are presented in Sections 7.7 and 8.5, respectively. Steady-
state seepage analysis results are presented in Appendix E.

Groundwater was not observed in boring W-218-20 at Wall 05.85L-B. Bail tests were performed in 2017 in borings R2B-10-17
and R2B-11-17. However, both of these borings were advanced using bentonite drilling fluid. In our experience, bail tests
performed in borings advanced with bentonite drilling fluid can produce unreliable measurements of groundwater level.
Therefore, we also used the steady-state seepage analysis results at Wall 05.85L-A to model the groundwater level at Wall
05.85L-B.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Discussion of our seepage analysis methodology and conclusions are presented in Sections 7.7 and 8.5, respectively. Steady-
state seepage analysis results are presented in Appendix E.

6.0 Engineering Soil Properties
6.1 Design Soil Properties for Existing Soils

We selected design soil properties for each ESU based on the subsurface explorations, laboratory testing, and conditions
described in the GDR, RFP reference documents, and explorations and laboratory testing completed by the design-build team.
Soil properties were developed in accordance with the procedures outlined in the Geotechnical Soil Properties Methodology
report for this project (Wood 2020).

A more detailed description of analyses completed for soil property development is included in Section 7.1 of this report. The
analyses completed for soil property development for Grade Separation Barrier 05.33R; and Walls 05.55L, 05.85L-A, and
05.85L-B are presented in Appendices C through F, respectively. We applied the soil properties developed for Wall 05.85L-A
(presented in Appendix E) to embankment EMB: 1-405 SB MP 5.97 to 5.83 since we used the same borings to define the ESUs
at the wall and the embankment. Soil properties selected for use in design of Grade Separation Barrier 05.33R; Walls 05.55L,
05.85L-A, and 05.85L-B; and embankment EMB: 1-405 SB MP 5.97 to 5.83 are presented in Tables 3 through 6.

Table 3. Grade Separation Barrier 05.33R Soil Properties by Engineering Stratigraphic Unit (Existing Soil)

Strength Property

Effective Elastic

Poisson’s
Ratio

Description Effective Modulus, Es

Friction
Angle, @
(degrees)

Cohesion, c (ksf)
(psf)

Medium Dense
to Very Dense
Coarse-
Grained Fill

Very Soft to
Medium
Stiff/Very
Loose to

Loose Fine-

Grained Fill

Dense to Very
ESU 4B Dense 130 43 0 ND ND

Sand/Gravel

Abbreviations:

ESU = Engineering Stratigraphic Unit

ND = not developed

ksf = kips per square foot

pcf = pounds per cubic foot

psf = pounds per square foot

ESU 1B 120 36 0 725 0.35

ESU 1C 115 27 0 ND ND

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83

File Name: I-405 R2B Segment 1A — Walls Package 2 - RFU Page 6



O 003 LKW

—
(=

LANE 7

In Association with
Table 4. Wall 05.55L Soil Properties by Engineering Stratigraphic Unit (Existing Soil)

Strength Property

Effective
Friction
Angle, @
(degrees)

FLATIRON wood.

Elastic
Modulus, Es
(ksf)

Poisson’s
Ratio

Effective
Cohesion, c

(psf)

Description

Medium Dense
to Very Dense

ESU 1B C 130 40 0 800 0.40
oarse-
Grained Fill
Dense to Very
ESU 4B Dense 120 43 0 ND ND
Sand/Gravel
Abbreviations:

ESU = Engineering Stratigraphic Unit
ND = not developed

ksf = kips per square foot

pcf = pounds per cubic foot

psf = pounds per square foot

Table 5. Wall 05.85L-A and Embankment EMB: 1-405 SB MP 5.97 to 5.83 Soil Properties
by Engineering Stratigraphic Unit (Existing Soil)

Strength Property

11
12
13
14

- - Residual Elastic
o Effective | Effective | Apparent | strength, | Modulus, | Poisson’s
Description Friction | Cohesion, | Cohesion, Sr Es Ratio
Angle, ¢ c Capp (psf) (ksf)
(degrees) (psf) (psf)
Loose to
Esuta MequmDense 449 34 0 ND ; 3302 ND
oarse-
Grained Fill
Very Loose to
ESU2A  Loose Sand/ 110 32 0 100 - 5303 0.33
Gravel
Medium Dense
ESU 2B Sand/ 110 32 0 200 4971 8002 ND
Gravel
Dense to Very
ESU4B  Dense Sand/ 130 43 0 ND - 2,6702 ND
Gravel
Very Stiff to
Esusg fardSitand 130 43 0 ND ; ND ND
Clay/Dense to
Very Dense Silt
Notes:

1. Residual shear strength was calculated for saturated, potentially liquefiable ESU 2B encountered in boring H-2-85
near Wall 05.85L-A. At embankment EMB: I-405 SB MP 5.97 to 5.83, ESU 2B was encountered above the groundwater,
and therefore the residual strength value presented in the table above is not applicable to the embankment.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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2. Elastic modulus estimated for elastic settlement evaluation at embankment EMB: 1-405 SB MP 5.97 to 5.83.
3. Elastic modulus estimated for elastic settlement evaluation at Wall 05.85L-A and embankment EMB: 1-405 SB MP
5.97 to 5.83.

Abbreviations:

ESU = Engineering Stratigraphic Unit
ND = not developed

ksf = kips per square foot

psi = pounds per square inch

pcf = pounds per cubic foot

psf = pounds per square foot

Table 6. Wall 05.85L-B Soil Properties by Engineering Stratigraphic Unit (Existing Soil)

Total Strength Property

Unit . Elastic . )
Description | Weight Eff_e c_tlve Effective Appar_e nt Modulus, Es Polsson’s
’ Friction . Cohesion, ’ Ratio
¥ Angle, ¢ Cohesion, c c (ksf)
(pcf) ’ (psf)
(degrees) (psf)
Medium
Dense to
ESU 1B Very Dense 130 41 0 100 ND ND
Coarse-
Grained Fill
Medium
ESU 2B Dense 115 34 0 200 660 0.33
Sand/Gravel
Dense to
ESU 4B Very Dense 130 43 0 ND ND ND
Sand/Gravel
Very Stiff to
Hard Silt and
ESU 5B Clay/Dense 130 42 0 ND ND ND
to Very
Dense Silt
Abbreviations:

ESU = Engineering Stratigraphic Unit
ND = not developed

ksf = kips per square foot

psi = pounds per square inch

pcf = pounds per cubic foot

psf = pounds per square foot

6.2 Design Soil Properties for Proposed Fill

Table 7 presents our selected design soil properties to be used for typical WSDOT-specified fill materials. The values shown
are derived from Project GDM Section 5.12 and Table 5-2: Presumptive Design Property Ranges for Compacted Borrow and
Other WSDOT Standard Specification Materials. The ranges of friction angle and total unit weight values provided in Project
GDM Section 5.12 and Table 5-2 are shown in parentheses. We used lightweight expanded polystyrene (EPS) geofoam for
backfill in our analyses of future I-405 widening above Walls 05.85L-A and 05.85L-B. Since the configuration we analyzed is

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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only one potential option for the forward compatible walls, we conservatively selected a high unit weight (above the range
provided in Project GDM Section 5.12) and a low shear strength for the EPS properties.

Table 7. WSDOT Standard Fill Soil Properties (Proposed Fill)'

WSDOT
Standard

Friction
Angle?, @

Specification (degrees)

20

21
22

23
24
25
26
27

Common Borrow

Select Borrow

Gravel Borrow

Gravel Borrow
for Structural
Earth Wall

Gravel Backfill
for Walls

Quarry Spalls

Expanded
Polystyrene

(EPS) Geofoam

Notes:
Based on Project GDM Section 5.12 and Table 5-2.
Range of soil properties shown in parentheses.
50psf apparent cohesion added in pseudo-static analyses for Wall 05.85L-B. See Section 8.7 for discussion.
Per Project GDM Section 5.12, EPS shall be manufactured according to ASTM C 303 for minimum density
and ASTM D 1621 for compressive strength.

1.
2.
3.
4

5.
6.

Shear strength is conservatively low.

9-03.14(3)

9-03.14(2)

9-03.14(1)

9-03.14(4)

9-03.12(2)

9-13.1(5)

See Note 4

32
(30 to 34)

36
(34 to 38)

38
(36 to 40)

38
(36 to 40)

38
(36 to 40)

42
(40 to 45)

0

- Total Unit
Cohesion, c Y
(psf) Weight
(pcf)
0: 120
(115 to 130)
0 125
(120 to 135)
0 130
(130 to 145)
0 130
(130 to 145)
0 130
(125 to 135)
0 110
(105 to 120)
56
5
100 (1t0 2)

Unit weight is conservatively high and outside the typical range.

Abbreviations:
ASTM = American Society for Testing and Materials
GDM = Geotechnical Design Manual
pcf = pounds per cubic foot

psf = pounds per square foot

WSDOT = Washington State Department of Transportation

7.0 Geotechnical Engineering Analysis Methodology

The following sections describe the methodology associated with the following geotechnical engineering analyses and

evaluations:

Soil property development,
Seismic hazard analysis,
Lateral earth pressures,
Sliding coefficients of friction,
Shallow foundation bearing resistance and elastic settlement,

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Consolidation settlement,
Seepage analysis,

Global stability, and
Compound stability

7.1  Soil Property Development
711 General

Design soil properties were developed in accordance with the Project GDM, American Association of State Highway and
Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design Specifications, and Federal
Highway Administration (FHWA) documents, using methods presented in the Geotechnical Soil Properties Methodology
report for this project (Wood 2020). We calculated the average, geometric mean, and standard deviation within each ESU. We
checked the reliability of the ESU data set by comparing the coefficient of variation (COV) of each calculated geometric mean
value to measured and interpreted values presented in Sabatini et al. (2002) Table 52. Soil property development supporting
calculations are provided in Appendices C through F.

7.1.2 Unit Weight

ESU unit weights were estimated using the procedure outlined in the Geotechnical Soil Properties Methodology report (Wood
2020) and the 2014 California Department of Transportation (CALTRANS) Geotechnical Manual Unified Soil Classification
System (USCS) classification based on the field blow counts corrected for overburden pressure and hammer efficiency (N1eo).

We selected an initial unit weight for each soil sample based on the field (uncorrected) Standard Penetration Test (SPT) blow
count and the soil classification. We used these initial unit weights to calculate the overburden pressure and develop Nleo for
each soil sample. Per CALTRANS, we used the developed N1eo of each soil sample to revise our initial selected unit weights.
Revised unit weights were used to estimate the geometric mean unit weight for each ESU. We used the geometric mean to
assign a design unit weight for each ESU. Design unit weights are rounded to the nearest 5 pounds per cubic foot (pcf).

Initial unit weights selected for each soil sample are presented on the liquefaction input page for each boring in the Design
Calculations section of Appendices C through F. Revised unit weights for each soil sample and design unit weights for each
ESU are presented in the ESU Soil Property Calculations section of Appendices C through F.

7.1.3 N1e0 and Friction Angle

Nleo and friction angles were developed in accordance with the Project GDM Section 5.5 and Table 5-1, respectively, using a
spreadsheet developed by GeoEngineers.

For each ESU, we used the design fines content to estimate the design friction angle from the range of values presented in the
Project GDM Table 5-1. For soils not subjected to glacial consolidation, the friction angle range lower limit was selected for
design fines contents greater than 30 percent and the upper limit was selected for design fines contents less than 5 percent. For
non-glacially consolidated ESUs with design fines contents between 5 percent and 30 percent, friction angles were selected by
interpolation between the upper and lower limits presented in the Project GDM Table 5-1. For glacially consolidated soils, we
capped the friction angle at 43 degrees for ESUs with design fines contents less than 70 percent and used the interpolated
friction angle for ESUs with fines contents greater than 70 percent.

7.1.4 Apparent Cohesion

Apparent cohesion values were developed for surficial ESUs in accordance with FHWA Geotechnical Engineering Circular
No. 3, Table 11-2 based on the selected design fines content of the ESU. Where the groundwater is present within or intersects
an ESU, apparent cohesion was applied only to ESUs in which the majority of the ESU layer was above the groundwater table.
Per Project GDM Section 5.10, apparent cohesion values were only used in pseudo-static global and compound stability
analyses.

7.1.5 Elastic Modulus and Poisson’s Ratio

We used soil type and density/consistency to estimate the ESU elastic modulus and Poisson’s ratio from empirical relationships
presented in AASHTO LRFD Table C10.4.6.3-1.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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7.1.6 Hydraulic Conductivity

We estimated the hydraulic conductivity of saturated, normally consolidated ESU 2A and ESU 2B using the Schlichter method
as outlined in the WSDOT Highway Runoff Manual (HRM). We selected hydraulic conductivities for glacially consolidated
ESU 4B and ESU 5B based on the Laprade and Robinson (1989) values presented in Table 2 of the United States Geological
Survey (USGS) Open-File Report 00-228. Hydraulic conductivities were used in the seepage analysis (described in Sections
7.7 and 8.5).

7.2 Seismic Hazard Analysis

7.2.1  Ground Motion Parameters

The project site is located within a seismically active area. To select appropriate seismic design parameters, we first evaluated
site class at each relevant boring using a spreadsheet developed by GeoEngineers in accordance with AASHTO LRFD Section
3.10.3.1. Because the explorations did not extend to 100 feet below the ground surface (bgs), we extrapolated soil conditions
beyond the bottom of the boring. We selected a design site class for the barriers, walls, and embankment, considering the
distribution of site classes represented by the borings as well as the depths of the borings and the amount of extrapolation to
100 feet bgs.

Seismic design parameters for this project were developed using the WSDOT Bridge Engineering Software
BEToolbox/BridgeLink in accordance with the WSDOT BDM. Seismic parameters, including the peak ground acceleration
(PGA) and site class adjusted PGA (As), were derived directly from the BEToolbox/BridgeLink software using the latitude,
longitude, and design site class of each barrier, wall, and embankment. Per Project GDM Section 6.3.1, the ground motion
parameters for design of the barrier, walls, and the embankment are based on the projected ground motion at the project site
that has a 7 percent (Safety Evaluation Earthquake [SEE]) probability of exceedance in a 75-year period (approximate
1,000-year return period).

Per the National Cooperative Highway Research Program (NCHRP) Report 611 and AASHTO LRFD Section A11.5.2, A can
be corrected to account for wave scattering effects (vertical variations in the average ground acceleration) for retaining walls,
slopes, and wall-slope combinations greater than 20 feet in height by applying a wave scatter coefficient, a, to A,. In addition,
a 50 percent reduction can be applied to A for flexible wall systems and slopes capable of 1- to 2-inch displacements during
the design seismic event.

Based on the Hart Crowser seismic design report “I-405 R2B Segment 1a Site-Specific Hazard Analysis RFU,” dated March
25, 2021, the mean earthquake magnitude at the PGA period is 6.97 for site class C and 7.0 for site class D for the SEE.

Design site class and A for Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment EMB:
[-405 SB MP 5.97 to 5.83 are presented in Section 8.1.1. The WSDOT BEToolbox/BridgeLink software outputs, calculations
of corrected A for Walls 05.85L-A and 05.85L-B, and our site class calculations are provided in Appendices C through F.

7.2.2 Liquefaction Potential

We evaluated the factor of safety (FS) against liquefaction and liquefaction-induced settlement of saturated, very loose to
medium dense soils in accordance with Chapter 6 of the Project GDM using a spreadsheet developed by GeoEngineers. The
spreadsheet uses methodology from Youd et al. (2001) and Idriss and Boulanger (2008 with 2014 updates) to identify
liquefaction potential. Per Section 6-4.2.3 of the Project GDM, soils with liquefaction potential are defined as those with FS
against liquefaction less than 1.2.

Liquefaction potential is presented in Section 8.1.2, and supporting calculations are provided in Appendices C through F.

7.2.3 Residual Shear Strength

Residual shear strength was calculated for liquefiable soils from existing relationships and procedures outlined in Project GDM
Section 6-2.2 using a spreadsheet developed by GeoEngineers. Residual strength calculations become unconservatively high
for liquefiable soils with an N1go corrected to an equivalent clean sand [N1eo(cs)] that is greater than 20. Using guidance
presented in WSDOT Report WA-RD 668.1 (Kramer 2008), we capped N1eo(cs) at 20 to calculate a residual shear strength for
soils exhibiting liquefaction potential (FS against liquefaction < 1.2).

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Residual shear strengths are presented in Section 8.1.3 and supporting calculations are provided in Appendix E.

7.3 Lateral Earth Pressures

Imported backfill will be placed between the existing and proposed grades at Grade Separation Barrier 05.33R and Walls
05.55L, 05.85L-A, and 05.85L-B. At Walls 05.85L-A and 05.85L-B, imported fill will also be placed within the reinforced
zone and between the reinforced zone and the face of the temporary shoring.

Lateral earth pressures for native soils and imported fill materials were calculated in accordance with AASHTO LRFD 3.11.5
for the proposed slopes in front of and behind the barrier and walls. In addition, active lateral earth pressures on Grade
Separation Barrier 05.33R were calculated using a barrier back face batter of 4H:21V (10.8 degrees from vertical).

We analyzed seismic earth pressures for Walls 05.55L, 05.85L-A, and 05.85L-B. Seismic earth pressures on Wall 05.55L were
calculated in accordance with AASHTO LRFD Section 11.6.5.3 using the Mononobe-Okabe (M-O) Method. Seismic earth
pressures on Walls 05.85L-A and 05.85L-B were developed using the Generalized Limit Equilibrium (GLE) Method in
accordance with AASHTO LRFD Section A11.3.3 and NCHRP Report 611 Section 7.4. The GLE analysis was evaluated for
Spencer’s method using the computer design software Slope/W (Geo Slope International, Ltd. 2020). To calculate seismic
earth pressures, we used a modified horizontal seismic coefficient, kh, coupling a 50 percent reduction for flexible wall
displacements with a reduction for wave scattering effects.

Lateral earth pressures and load factor recommendations are presented in Section 8.2. Supporting calculations are provided in
Appendices C through F.

7.4 Sliding Coefficients of Friction

Coefficients of friction for sliding were calculated using AASHTO LRFD equation 10.6.3.4-2. Sliding coefficients were
calculated for CIP and precast concrete barriers at Grade Separation Barrier 05.33R, and for CIP concrete footings at Wall
05.55L on surficial native soils and imported fills. Per AASHTO LRFD Section 11.10.5.3, sliding coefficients of friction for
Walls 05.85L-A and 05.85L-B were calculated for SEW discontinuous reinforcements (strips). For the discontinuous
reinforcements at Walls 05.85L-A and 05.85L-B, sliding coefficients of friction were calculated using the friction angle of the
foundation soil (surficial native soils or imported fills) or the reinforced fill soil (gravel borrow for structural earth wall),
whichever was less.

Sliding coefficients are presented in Section 8.3. Supporting calculations are provided in Appendices C through F.

7.5 Shallow Foundation Bearing Resistance and Elastic Settlement

Bearing resistance for nominal (unfactored), Service, Strength, and Extreme Event Limit States was calculated using a
spreadsheet developed by GeoEngineers in accordance with the methodology described in AASHTO LRFD Section 10.6.3. We
estimated elastic settlement for the barriers and walls from procedures outlined in AASHTO LRFD Section 10.6.2.4. Sliding
and overturning of the barrier and walls are being evaluated by the design-build team’s wall designers and will be submitted
under separate cover.

We estimated the bearing resistance and elastic settlement of the barrier and walls for the following effective widths:

Grade Separation Barrier 05.33R— effective barrier widths between 2 and 6 feet
Wall 05.55L — effective footing widths between 3 and 11 feet
Wall 05.85L-A — effective SEW widths between 5 and 25 feet
Wall 05.85L-B — effective SEW widths between 5 and 21 feet

We estimated the static elastic settlement of embankment EMB: 1-405 SB MP 5.97 to 5.83 following the placement of new fill
(common borrow) using the computer design software Settle3 (Rocscience 2021). We modeled the applied fill load along the
approximate length of the embankment (160 feet) and the approximate length of the fill slope (80 feet) at the design section.
We used the elastic moduli of the ESUs presented in Table 5 to evaluate immediate settlement of the embankment.

Bearing resistance and elastic settlement results are presented in Section 8.4. Supporting calculations are provided in
Appendices C through F. Settle3 output reports for embankment EMB: 1-405 SB MP 5.97 to 5.83 are provided in Appendix H.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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7.6 Consolidation Settlement

Compressible soils, such as organic soil or normally consolidated/slightly over consolidated high plasticity silts or clays, were
not identified in the explorations near Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
embankment EMB: 1-405 SB MP 5.97 to 5.83. Therefore, we do not anticipate long-term consolidation settlement to occur as a
result of new loads.

7.7 Seepage Analysis

Seepage analysis was performed using the finite element seepage modeling software, Seep/W (Geo Slope International, Ltd.
2020) to estimate a steady state groundwater level for Wall 05.85L-A. Groundwater levels developed in the seepage analysis
for Wall 05.85L-A were also used in our evaluations of Wall 05.85L-B, and embankment EMB: 1-405 SB MP 5.97 to 5.83. We
used existing groundwater measurements from piezometers in borings H-2-85 and H-3-85, soil hydraulic conductivity
properties, and typical local precipitation data to develop a model of groundwater conditions and seepage patterns.

A discussion of the model development and conclusions is presented in Section 8.5 and the steady-state seepage results are
presented in Appendix E. Seep/W output reports are provided in Appendix I.

7.8 Global Stability

Global stability was evaluated using limit equilibrium analysis following the procedure outlined in the Project GDM. We
evaluated global stability of Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment
EMB: 1-405 SB MP 5.97 to 5.83 using the computer design software Slope/W (Geo Slope International, Ltd. 2020). Factors of
safety were developed using both Spencer’s method and the Morgenstern-Price method with entry and exit search limits for a
circular failure surface.

We modeled Grade Separation Barrier 05.33R and Wall 05.55L as a “High Strength” material having a unit weight of 150 pcf.
We modeled the SEW and forward compatible walls at Walls 05.85L-A and 05.85L-B as a “High Strength” material having a
unit weight of 130 pcf. We used the design backfill properties presented in Table 7 for the materials listed below at the
following fill locations:

Backfill behind Grade Separation Barrier 05.33R and Wall 05.55L — common borrow

Backfill between reinforced zone and temporary shoring at Walls 05.85L-A and 05.85L-B — gravel borrow

Fill between existing and proposed grades for Walls 05.85L-A and 05.85L-B — common borrow

Backfill behind forward compatible walls at Walls 05.85L-A and 05.85L-B - EPS

Embankment fill (EMB: I-405 SB MP 5.97 to 5.83) — common borrow

Rock buttress to mitigate 1985 fill slope failure (EMB: 1-405 SB MP 5.97 to 5.83) — gravel borrow and quarry spalls.

Grade Separation Barrier 05.33R will be designed in accordance with WSDOT BDM Section 10.3.1 for differential grade
concrete barriers of 4 feet or less. Grade Separation Barrier 05.33R and embankment EMB: 1-405 SB MP 5.97 to 5.83 follow
procedures in Project GDM Chapter 9 for embankments to evaluate global stability. Per Project GDM Section 9.2.3.1, seismic
global stability analyses are not required for the barrier or the embankment since they are not supporting or potentially
impacting structures.

The Hart Crowser Released for Use (RFU) geotechnical letter “Design Requirements and Geotechnical Assessment of
Retaining Walls” dated January 26, 2021, defines the minimum allowable distance to the travel lane (MADTL) as the “the
minimum distance the wall must exist from the travel lane to prevent an elevation change of greater than 1 foot”. If the
MADTL is less than the distance between the wall and the travel lane, seismic failure of the wall will not severely impact the
traveled way or compromise the life safety of the public, and therefore a detailed seismic analysis is not necessary. Based on
Figure 1A in the Hart Crowser RFU geotechnical letter, the MADTL at Wall 05.55L is 6.4 feet. It is our understanding that an
8-foot-wide shoulder will separate the back of Wall 05.55L and the travel lane. According to the criteria outlined in the Hart
Crowser RFU geotechnical letter noted above, a seismic slope instability analysis is not required for Wall 05.55L since
collapse of the wall would not affect the travel lane or compromise public safety.

For pseudo-static analyses of Walls 05.85L-A and 05.85L-B, we used an apparent cohesion in surficial native soils based on
the fines content ranges presented in Table 11-2 of the FHWA Geotechnical Engineering Circular No. 3.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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We evaluated post-seismic global stability using residual shear strengths for potentially liquefiable soil.

A uniform traffic surcharge of 250 pounds per square foot (psf) was included in the static global stability analysis where a
roadway is present above the wall or barrier. In accordance with Section 15-4.12 of the Project GDM, we used a load factor of
1.0 for traffic surcharge for the static global stability analysis because it is a non-structural load. A uniform traffic surcharge of
125 psf, which is 50 percent of the static traffic surcharge, was included in the seismic (pseudo-static and post-seismic) global
stability analyses where a roadway is present above the wall. Per AASHTO LRFD Section 3.4.1, we used an extreme event
limit state load factor of 0.5 for the traffic surcharge for the seismic (pseudo-static and post-seismic) global stability analyses.

Groundwater levels were modeled using a piezometric surface. The piezometric surface was based on measured or observed
groundwater levels at Grade Separation Barrier 05.33R and Wall 05.55L. We used the results from the seepage analysis to
model the piezometric surface at Walls 05.85L-A and 05.85L-B, and embankment EMB: 1-405 SB MP 5.97 to 5.83.

The results of our global stability analyses for Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
embankment EMB: 1-405 SB MP 5.97 to 5.83 are presented in Section 8.6. Global stability models showing FS for critical
failures at the design sections are provided in Appendices C through G. Slope/W output reports for global stability are provided
in Appendix J.

7.9 Compound Stability

We evaluated compound stability at Walls 05.85L-A and 05.85L-B using the computer design software Slope/W (Geo Slope
International, Ltd. 2020) to perform limit equilibrium analysis following the procedure outlined in Project GDM Section 15-
5.3.4. Factors of safety were developed using both Spencer’s method and the Morgenstern-Price method with entry and exit

search limits for a circular failure surface.

We modeled the soil reinforcements as inextensible ribbed steel strips connected to precast concrete facing panels. The
reinforcing strips are 2 inches wide and 5/32 inches thick grade 65 steel with galvanized corrosion protection. We calculated
the corrosion loss over 75 years using steel corrosion rates presented in AASHTO LRFD Section 11.10.6.4.2a and FHWA
Geotechnical Engineering Circular No. 11 Tables 3-7 and 3-8. We used the Reinforced Earth Company (RECO) standard
precast concrete 5 feet by 5 feet facing panel “A” shop drawings provided in Project GDM Appendix 15-I to model the spacing
of the reinforcing strips. Based on the facing panel “A” layout, each panel contains 2 rows and each row contains 2 reinforcing
strips.

We applied resistance factors presented in AASHTO LRFD Section 11.5 and FHWA Geotechnical Engineering Circular No.
11 Table 4-7 to calculate the pullout resistance and tensile capacity of the reinforcing strips. We modeled the reinforced fill as
gravel borrow with a coefficient of uniformity (Cu) of 6.3. Per AASHTO LRFD Section 11.10.6.3.2 and FHWA Geotechnical
Engineering Circular No. 11 Section 3.4.2, a pullout resistance factor, F*, is equivalent to 2.0 at the ground surface when Cu is
equal to or greater than 6.3. The reinforced zone fill, Gravel Borrow for Structural Earth Wall, imported during construction
shall have a minimum Cu value of 6.3, as specified in Section 8.13.4. We used an F* of 2.0 at the ground surface to estimate
the pullout resistance of the reinforcing strips. We used the pullout resistance to calculate an interface shear friction angle at
each reinforcing strip, considering the strip width and spacing. The calculated tensile capacity and interface shear friction
angles were input into Slope/W to model the reinforcing strips in the reinforced zone.

For pseudo-static analyses of Walls 05.85L-A and 05.85L-B, we used an apparent cohesion in the surficial native soils based
on the fines content ranges presented in Table 11-2 of the FHWA Geotechnical Engineering Circular No. 3.

We evaluated post-seismic compound stability using residual shear strengths for potentially liquefiable soil.

Per Project GDM Section 15-5.3.4 and AASHTO LRFD Table 3.4.1-1, a strength limit state load factor of 1.75 was applied to
the standard traffic surcharge of 250 psf directly over the reinforced zone, resulting in a uniform traffic surcharge of 437.5 psf
directly over the reinforced zone and a uniform traffic surcharge of 250 psf outside of the reinforced zone in the static
compound stability analysis of Walls 05.85L-A and 05.85L-B. Per AASHTO LRFD Section 3.4.1, an extreme event limit state
load factor of 0.5 was applied to the standard traffic surcharge of 250 psf, resulting in a uniform traffic surcharge of 125 psf
across all traffic lanes (both directly over and outside the reinforced zone) for the seismic (pseudo-static and post-seismic)
compound stability analyses.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Groundwater levels for Walls 05.85L-A and 05.85L-B were modeled using a piezometric surface based on the results from the
seepage analysis at Wall 05.85L-A.

The results of our compound stability analyses for Walls 05.85L-A and 05.85L-B are presented in Section 8.7. Compound
stability models showing FS for critical failures at the design sections are provided in Appendices E and F. Slope/W output
reports for compound stability are provided in Appendix K.

8.0 Conclusions and Recommendations

8.1 Seismic Design

8.1.1 Ground Motion Parameters

We selected the design site class for the barrier, walls, and embankment using SPT blow counts of nearby explorations and the
methodology presented in AASHTO LRFD Section 3.10.3.1. Ground motion parameters for a ground motion with 7 percent
probability of exceedance in a 75-year period (approximate 1,000-year return period) (SEE hazard level) were developed using
the WSDOT Bridge Engineering Software BEToolbox/BridgeLink. Based on deaggregation data from Hart Crowser (2021),
we used a mean earthquake magnitude of 6.97 for site class C and 7.0 for site class D for the SEE.

We used a horizontal seismic acceleration coefficient (kh) to estimate seismic lateral earth pressures and evaluate pseudo-static
global and compound stability. For our analyses, kh is reduced to 50 percent of As (kh = 0.5 * A;) for flexible wall
displacements of 1- to 2-inches, and reduced for the wall height-dependent seismic coefficient (wave scatter coefficient), a (kh
= o * A,) for wave scattering effects. Per AASHTO LRFD Section 11.6.5.2.2, the wall height was taken as the distance from
the bottom of the back of the wall to the ground surface directly above the back of the wall for seismic lateral earth pressure
analyses. For global and compound pseudo-static analyses, wave scatter was based on the height of the failure surface
mobilized in the design seismic event. Wave scatter reductions were not applied for heights less than 20 feet.

The representative design site class, SEE As, and kh are summarized in Table 8. WSDOT BDM software outputs, site class
determination, and wave scatter calculations are provided in Appendices C through F.

Table 8. Design Site Class and Adjusted Peak Ground Acceleration Parameters

Horizontal Seismic
Wave Scatter Acceleration

Design Element | Site Class | SEE As | Seismic Analysis | Coefficient, o Coefficient, kh

(Proposed/FC) | (kh=0.5"a * As)
(Proposed/FC)

Grade Separation

Barrier 05.33R D 0.505 Lateral Earth Pressure Not Applicable 0.253
Wall 05.55L.2 D 0.505 Lateral Earth Pressure Not Applicable 0.253
Lateral Earth Pressure 0.815 0.206
Wall 05.85L-A D 0.505 Global Stability 0.753/0.756 0.190/0.191
Compound Stability 0.765/0.765 0.193/0.193
Lateral Earth Pressure 0.808 0.210
Wall 05.85L-B C 0.520 Global Stability 0.755/0.756 0.196/ 0.197
Compound Stability 0.799/0.753 0.208/0.196
Embankment
EMB: I-405 SB D 0.505 Not Applicable Not Applicable Not Applicable
MP 5.97 to 5.83"3
Notes:

1. Per Project GDM Section 9.2.3.1, seismic stability analyses are not required.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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2. Per Hart Crowser's RFU geotechnical letter “Design Requirements and Geotechnical Assessment of Retaining Walls”
(2021), seismic stability analyses are not required.
3. Lateral earth pressures are not applicable for the embankment.
Abbreviations:
As = site class adjusted peak ground acceleration
FC = forward compatible wall
SEE = Safety Evaluation Earthquake

8.1.2 Liquefaction and Liquefaction-Induced Settlement

We analyzed the borings at the barrier, wall, and embankment locations for liquefaction potential of saturated, loose to medium
dense soil. We used the SEE A, for our liquefaction evaluation.

Potentially liquefiable soil was not encountered in any of the borings near Grade Separation Barrier 05.33R, Wall 05.55L, and
Wall 05.85L-B. Potentially liquefiable soil was encountered in boring H-2-85 near Wall 05.85L-A and embankment EMB: I-
405 SB MP 5.97 to 5.83. Based on our review, saturated, low-plasticity portions of ESU 2B at Wall 05.85L-A may be
liquefiable. Estimated liquefaction related settlement ranges from 2 to 4 inches, considering the full thickness of ESU 2B
present at H-2-85. We estimate that differential liquefaction settlements in ESU 2B could be on the order of 1 to 2 inches.
However, based on the planned base of wall elevation, we do not anticipate that a significant thickness of ESU 2B will remain
below the base of the wall. In addition, based on our groundwater model, we anticipate that any ESU 2B material remaining
below the wall will not be saturated. Therefore, we do not anticipate liquefaction or related settlement of soil beneath the wall.
Saturated portions of ESU 2B downslope of the wall may experience liquefaction and related settlement.

We used boring H-2-85 to develop the soil properties at embankment EMB: 1-405 SB MP 5.97 to 5.83. Based on our
interpretation of the subsurface, ESU 2B is above the groundwater table at the embankment and therefore, potentially
liquefiable soils were not encountered at the embankment.

In our analysis, we did not allow glacially consolidated deposits (ESU 4B and ESU 5B) to liquefy.

Details of our liquefaction analyses, including plots and liquefaction spreadsheet input and output pages, are provided in
Appendices C through F. Summaries of our liquefaction results for the barrier, walls, and embankment during the design SEE
event are presented in Tables 9 through 12 below. Potential impacts of liquefaction on global and compound stability are
addressed in Sections 8.6 and 8.7, respectively.

Table 9. Grade Separation Barrier 05.33R Liquefaction Summary
Estimated

Top of Estimated . . Estimated
Boring SN IEIE L7 Liquefaction I A IS Cumulative
Boring Liquefaction . Elevation’ Elevation
. ’ Elevation Depth Settlement
Designation (Y/N) (NAVD 88) Range
(NAVD 88) Range Range
(feet) == (feet) e (inch)
(feet)
W-207-20 N 128.2 117.3 - - -
Notes:

1. Groundwater elevation based on piezometric data in nearby boring H-3-65.

Abbreviations:
NAVD 88 = North American Vertical Datum of 1988
Y/N = Yes/No

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Table 10. Wall 05.55L Liquefaction Summary

. Estimated .
Lip a0 Groundwater 25T Liquefaction AL

. . . Boring " Liquefaction . Cumulative
B_orlnq Liquefaction Elevation Elevation Depth Elevation Settlement
Designation (Y/N) (NAVD 88) Range
(NAVD 88) Range Range
(feet) == (feet) e (inch)
(feet)
W-215-20 N 171.2 140.2 - - B
Notes:

1. Groundwater elevation based on observations at time of drilling.

Abbreviations:
NAVD 88 = North American Vertical Datum of 1988
Y/N = Yes/No

Table 11. Wall 05.85L-A and Embankment EMB: 1-405 SB MP 5.97 to 5.83 Liquefaction Summary
Estimated

Top of Estimated . . Estimated
. Groundwater - . Liquefaction .
. . . Boring P Liquefaction . Cumulative
Boring Liquefaction - Elevation Elevation
] ¢ Elevation Depth Settlement
Designation (Y/N) (NAVD 88) Range
(NAVD 88) Range Range
(feet) (2 (feet) D B (inch)
(feet)

W-217-20 N 219.6 209.0 - - -
H-1-85 N 200.6 181.0 - - -
H-2-85 Y2 186.1 162.0 24 to 36 162.1 to 150.1 2t04
H-3-85 N 216.0 186.0 - = -

Notes:

1. Groundwater elevation based on results from seepage analysis at Wall 05.85L-A.
2. Potentially liquefiable soils were encountered at Wall 05.85L-A. Potentially liquefiable soils were not encountered at
embankment EMB: 1-405 SB MP 5.97 to 5.83.

Abbreviations:
NAVD 88 = North American Vertical Datum of 1988
Y/N = Yes/No

Table 12. Wall 05.85L-B Liquefaction Summary

Estimated

Top_ @ Groundwater !Estlmatgd Liquefaction Estlmatt_ad
. . . Boring c Liquefaction . Cumulative
Boring Liquefaction . Elevation Elevation
. . Elevation Depth Settlement
Designation (Y/N) (NAVD 88) Range
(NAVD 88) (feet) Range (NAVD 88) Range
(feet) (feet) (feet) (inch)
W-218-20 N 238.6 210.0 - - -
R2B-11-17 N 219.2 199.0 - . -
R2B-10-17 N 210.2 194.0 - - -
Notes:

1. Groundwater elevation based on seepage analysis at Wall 05.85L-A.

Abbreviations:
NAVD 88 = North American Vertical Datum of 1988
Y/N = Yes/No

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83
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8.1.3 Residual Shear Strength

We evaluated post-earthquake residual shear strengths of saturated, loose to medium dense soil exhibiting liquefaction
potential. Residual shear strengths were estimated for potentially liquefiable soil identified in ESU 2B in boring H-2-85 at Wall
05.85L-A. We applied a residual shear strength to portions of ESU 2B below the water table in our post-seismic global and
compound stability analyses at Wall 05.85L-A.

The calculated residual shear strength of liquefiable soils is provided on the liquefaction spreadsheet output pages in Appendix
E. For our analysis of Wall 05.85L-A, we used the geomean residual shear strength of 497 psf calculated in Appendix E and
presented in Table 5.

8.2 Lateral Earth Pressures

We estimated the lateral earth pressures of the backfill placed between the existing and proposed grades at Grade Separation
Barrier 05.33R and Wall 05.55L. At Grade Separation Barrier 05.33R and Wall 05.55L, the backfill will consist of compacted
common borrow or better imported fill; in our analyses, we estimated the lateral earth pressures of common borrow, select
borrow, and gravel borrow at Grade Separation Barrier 05.33R and Wall 05.55L. We used a 4H:21V (10.8 degrees from
vertical) batter on the back face of the barrier to calculate lateral earth pressures. We evaluated a 3.2H:1V (17.5 degrees from
horizontal) backslope for Grade Separation Barrier 05.33R and a 3.7H:1V (15 degrees from horizontal) foreslope for Wall
05.55L. We applied an interface friction angle, d, equal to two-thirds of the backfill friction angle to estimate the active earth
pressures on Wall 05.55L; we did not apply a & to Grade Separation Barrier 05.33R.

We estimated the active static and active static + seismic lateral earth pressures for Grade Separation Barrier 05.33R and Wall
05.55L using the M-O method. Per AASHTO LRFD Section 11.6.5.2.2, the seismic horizontal acceleration coefficient, kh, can
be reduced to 50 percent of A, for retaining structures capable of 1- to 2-inches of displacement during the design seismic
event. Accordingly, we reduced kh to 50 percent of As to evaluate the active static + seismic earth pressures. The kh value used
in our analysis for Grade Separation Barrier 05.33R and Wall 05.55L is presented in Table 8.

At Walls 05.85L-A and 05.85L-B, the backfill between the reinforced zone and the temporary shoring will consist of gravel
backfill for walls. However, since this backfill zone will be relatively thin, we conservatively estimated active static lateral
earth pressures for native soils ESU 2A and ESU 2B behind Walls 05.85L-A and 05.85L-B, respectively. We evaluated the
lateral earth pressures for a 2H:1V (27 degrees from horizontal) backslope at each wall, with a 2H:1V (27 degrees from
horizontal) and a 3.7H:1V (15 degrees from horizontal) foreslope at Walls 05.85L-A and 05.85L-B, respectively. Per
AASHTO LRFD Section 11.10.5.2, we applied a & equal to two-thirds of the retained soil friction angle for Walls 05.85L-A
and 05.85L-B.

We estimated the active static lateral earth pressures for Walls 05.85L-A and 05.85L-B using the M-O method. We estimated
the active static + seismic lateral earth pressures for Walls 05.85L-A and 05.85L-B using the GLE method. To evaluate the
active static + seismic earth pressures at the back of the walls, we removed the SEW and all soil directly above the SEW in our
models to simulate the interface between the reinforced soil and the retained soil. We applied a force at the face of the retained
soil at heights of one-third and one-half from the base of the wall to determine the maximum active static + seismic earth
pressure. The applied force was inclined at the friction angle of ESU 2A and ESU 2B at Walls 05.85L-A and 05.85L-B,
respectively. We varied the magnitude of the force until a FS equal to 1.0 was achieved. We back-calculated the active static +
seismic earth pressure coefficient, kae, and active static + seismic lateral earth pressure from the selected maximum seismic
force on the wall.

Per the Project GDM and AASHTO, flexible SEWs are capable of 1- to 2-inches of displacement during the design seismic
event, and therefore the seismic horizontal acceleration coefficient, kh, can be reduced to 50 percent of As to evaluate seismic
earth pressures. Per AASHTO and NCHRP Report 611, kh can be further reduced for wave scattering effects using the height-
dependent seismic coefficient (wave scatter coefficient), o. We applied the reduction for flexible wall systems and wave scatter
to kh for the seismic earth pressure analyses using the GLE method for Walls 05.85L-A and 05.85L-B. The kh value used in
our analyses for Walls 05.85L-A and 05.85L-B is presented in Table 8.

Passive resistance for Grade Separation Barrier 05.33R and Walls 05.55L, 05.85L-A, and 05.85L-B shall be ignored due to the
shallow embedment and foreslope condition at the barrier and walls. Active static lateral earth pressure coefficients, ka, and
active static + seismic earth pressure coefficients, kae, and the corresponding lateral earth pressures on the back of Grade
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Separation Barrier 05.33R and Walls 05.55L, 05.85L-A, and 05.85L-B are presented in Table 13. We recommend active lateral
earth pressures be applied using a triangular distribution. We recommend applying an LRFD load factor of 1.5 to the static
earth pressures in accordance with AASHTO LRFD Table 3.4.1-2 and an LRFD load factor of 1.0 to the static + seismic earth
pressures in accordance with AASHTO LRFD Table 3.4.1-1. Supporting calculations are provided in Appendices C through F.
Appropriate surcharge loads (such as traffic loading, fill loads above the barrier and walls, and forward compatible loads) and
the corresponding load factors shall be applied when evaluating wall stability. All surcharge loads shall apply load factors in
accordance with AASHTO LRFD Tables 3.4.1-1 and 3.4.1-2.

Table 13. Grade Separation Barrier 05.33R, and Walls 05.55L, 05-85L-A, and 05.85L-B
Active Lateral Earth Pressure Coefficients and Active Lateral Earth Pressures??

FLATIRON wood.

Active Lateral Earth

Active Lateral Earth

O Pressure (pcf)'- 2
. Coefficient P
Design Foreslope Backslope
Element (degrees) (degrees) Static + _
Seismi Static +
elsmic, Seismic
kae
Grade Common Borrow 0.49 1.04 59*H 125*H
Separation 0 175 Select Borrow 0.42 0.76 52*H 95*H
05.33R3 Gravel Borrow 0.39 0.69 50*H 90*H
Common Borrow 0.28 0.48 33*H 57*H
Wall 05.55L 15 0 Select Borrow 0.23 0.42 29*H 53*H
Gravel Borrow 0.22 0.39 28*H 51*H
Wall ESU 2A (static)
05.85L-A 27 27 Retained Native Soil 0.46 0.87 51*H 95*H

(static + seismic)

ESU 2B (static)
Retained Native Soil 0.41 1.1 47*H 126*H
(static + seismic)

Wall

05.85L-B 15 27

10
11
12
13
14
15
16
17

18

19
20

21
22
23
24

Notes:

1. Active lateral earth pressures (static and static + seismic) shall be applied using a triangular distribution.
2. Earth pressures do not include surcharge loads, such as traffic loading or forward compatible wall loading.
3. Barrier back face batter = 4H:21V (horizontal:vertical)

Abbreviations:

ESU = Engineering Stratigraphic Units
H = Height of the retained soil behind the wall

8.3 Sliding Coefficients of Friction

We used AASHTO LRFD equation 10.6.3.4-2 to estimate the sliding coefficients of friction for native soils and for imported

fills (common borrow, select borrow, and gravel borrow) beneath the barrier and walls.

Sliding coefficients for CIP and precast concrete barriers for Grade Separation Barrier 05.33R and CIP concrete footings for
Wall 05.55L are presented in Table 14 and supporting calculations are provided in Appendices C and D. Sliding coefficients

for SEW discontinuous reinforcements for Walls 05.85L-A, and 05.85L-B are presented in Table 15 and supporting

calculations are provided in Appendices E and F.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and

Embankment EMB: 1-405 SB MP 5.97 to 5.83
File Name: I-405 R2B Segment 1A — Walls Package 2 - RFU

Page 19



AN W AW

10
11
12
13
14
15

FLATIRON LaNE % wood.

In Association with
Table 14. Grade Separation Barrier 05.33R and Wall 05.55L Sliding Coefficients of Friction

Grade - Sliding Coefficients of Friction
. Foundation
Separation Material
Barrier/Wall CIP Barrier
ESU 1B 0.73 0.58
Grade Separation Common Borrow 062 050
Barrier 05.33R Select Borrow 0.73 0.58
Gravel Borrow 0.78 0.63
ESU 1B 0.84 Not Applicable
Common Borrow 0.62 Not Applicable
Wall 05.55L .
Select Borrow 0.73 Not Applicable
Gravel Borrow 0.78 Not Applicable
Abbreviations:

CIP = cast-in-place
ESU = Engineering Stratigraphic Unit

Table 15. Walls 05.85L-A and 05.85L-B Sliding Coefficients of Friction

Sliding
Coefficients of
Friction —
Discontinuous
Reinforcements

Foundation

Material

ESU 2A 0.62
Common Borrow 0.62
05.85L-A
Select Borrow 0.73
Gravel Borrow 0.78
ESU 2B 0.67
Common Borrow 0.62
05.85L-B
Select Borrow 0.73
Gravel Borrow 0.78

Abbreviations:
ESU = Engineering Stratigraphic Unit

8.4 Shallow Foundation Bearing Resistance and Elastic Settlement

We evaluated bearing resistance for effective footing widths of 2 to 6 feet at Grade Separation Barrier 05.33R, 3 to 11 feet at
Wall 05.55L, 5 to 25 feet at Wall 05.85L-A, and 5 to 21 feet at Wall 05.85L-B. For Grade Separation Barrier 05.33R and Wall
05.55L, our bearing resistance calculations include resistance factors of 0.55 (Strength Limit State), 1.0 (Service Limit State),
and 0.8 (Extreme Event Limit State) for semi-gravity walls per AASHTO LRFD Table 11.5.7.1 and AASHTO LRFD Section
11.5.8. For Walls 05.85L-A and 05.85L-B, our bearing resistance calculations include resistance factors of 0.65 (Strength
Limit State), 1.0 (Service Limit States), and 0.9 (Extreme Event Limit State) for MSE (SEW) per AASHTO LRFD Table
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11.5.7.1 and AASHTO LRFD Section 11.5.8. Sliding, overturning, and internal stability are being evaluated by the design-
build team’s wall designers and will be submitted under separate cover.

Bearing resistances for Grade Separation Barrier 05.33R and Walls 05.55L, 05.85L-A, and 05.85L-B are presented in
Tables 16 through 19. As noted in Section 8.9.3 below, all soft, loose, or otherwise unsuitable soils observed in foundation
excavations shall be removed and replaced with compacted structural fill.

Table 16. Grade Separation Barrier 05.33R Bearing Resistance and Elastic Settlement

Effective Unfactored EXtr eme AT Strength Limit SERIEC L|m|_t S RN
. . . Limit State . Resistance
Footing Width, Bearing Beari State Bearing
. CET o] .
B Resistance g Resistance (ksf)
Resistance
(feet) (ksf) (ksf) L) 1" Deflection | 2" Deflection
2.0 6.7 54 3.7 6.7 6.7
2.5 8.3 6.7 4.6 6.7 8.3
3.0 10.0 8.0 5.5 6.1 10.0
3.5 11.6 9.3 6.4 5.6 11.3
4.0 13.3 10.6 7.3 5.3 10.5
4.5 14.9 11.9 8.2 5.0 9.9
5.0 16.5 13.2 9.1 4.7 9.4
55 18.1 14.5 10.0 4.5 9.0
6.0 19.7 15.8 10.8 4.3 8.6
Abbreviations:

ksf = kips per square foot

Table 17. Wall 05.55L Bearing Resistance and Elastic Settlement

12
13

Effective Unfactored EXtr eme AT Strength Limit SERIEC L|m|.t S ECET
. . . Limit State . Resistance
Footing Width, Bearing Beari State Bearing
. CET o] .
B Resistance g Resistance (ksf)
Resistance
=Sy Ls2) (ksf) (ksf) 1" Deflection | 2" Deflection
3.0 38.2 30.5 21.0 5.7 11.3
4.0 45.2 36.2 24.9 4.9 9.8
50 52.2 41.8 28.7 4.4 8.8
6.0 59.2 47.4 32.6 4.0 8.0
7.0 66.2 52.9 36.4 3.7 7.4
8.0 73.0 58.4 40.2 3.5 6.9
9.0 79.9 63.9 43.9 3.3 6.5
10.0 86.7 69.4 47.7 3.1 6.2
11.0 93.5 74.8 514 3.0 5.9
Abbreviations:

ksf = kips per square foot
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Table 18. Wall 05.85L-A Bearing Resistance and Elastic Settlement

Effective Unfactored E’“.’ eme ST Strength Limit HRED Limi_t LMD SRR
Footing Width, Bearing Sl S_tate State Bearing SRR
B Resistance Be_arlng Resistance (ksf)
Resistance
5.0 12.0 10.8 7.8 3.1 6.3
7.0 13.6 12.3 8.9 2.6 5.3
9.0 15.3 13.8 9.9 23 4.7
11.0 16.9 15.2 11.0 21 4.1
13.0 18.5 16.7 12.0 1.8 3.7
15.0 20.1 18.1 131 1.7 3.3
17.0 21.6 19.5 141 1.5 3.1
19.0 231 20.8 15.0 1.4 2.8
21.0 24.6 22.2 16.0 1.3 2.7
23.0 261 23.5 17.0 1.3 25
25.0 27.5 24.8 17.9 1.2 24
Abbreviations:

ksf = kips per square foot

Table 19. Wall 05.85L-B Bearing Resistance and Elastic Settlement

Service Limit State Bearing

Extreme Event

Effective Unfactored .. Strength Limit ;
. . . Limit State . Resistance
Footing Width, Bearing Beari State Bearing
. CET o] .
B Resistance g Resistance (ksf)
Resistance

(feet) (ksf) (ksf) L) 1" Deflection | 2" Deflection
5.0 17.8 16.0 11.6 2.1 4.2
7.0 20.2 18.2 13.1 1.8 3.6
9.0 22.6 20.3 14.7 1.6 3.1
11.0 24.9 22.4 16.2 1.4 2.8
13.0 27.3 24.5 17.7 1.3 2.6
15.0 29.6 26.6 19.2 1.2 2.4
17.0 31.9 28.7 20.7 1.1 2.3
19.0 34.2 30.8 22.2 1.1 2.2
21.0 36.5 32.9 23.7 1.0 2.1

Abbreviations:

ksf = kips per square foot

We evaluated the elastic settlement of placed fill on embankment EMB: 1-405 SB MP 5.97 to 5.83. Based on our analyses,
total settlement of the embankment is less than 1 inch, which meets the settlement criteria outline in RFP Chapter 2.6.6.7.
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Bearing resistance and elastic settlement calculations are presented in Appendices C through G. Settle3 output reports are
presented in Appendix H.

8.5 Seepage Analysis

We evaluated the groundwater levels at Wall 05.85L-A, Wall 05.85L-B, and embankment EMB: [-405 SB MP 5.97 to 5.83 by
performing a seepage analysis at the design section at Wall 05.85L-A using measured piezometer data in borings H-2-85 and
H-3-85.

We set hydraulic boundary conditions at the edges of the model to avoid influencing seepage results. In an attempt to match the
groundwater measured in boring H-3-85, we used a constant head boundary condition equal to elevation 218 feet on the
upslope edge of the model under 1-405. We consider this boundary condition to be very conservative based on available
groundwater data. We used a constant head boundary condition equal to elevation 160 feet on the downslope edge of the model
to develop a phreatic surface similar to the measured groundwater level in boring H-2-85. We used a 2.6 x 1077 feet per second
flux boundary condition for surficial precipitation infiltration based on average rainfall of 8.1 inches per month in Renton,
Washington in November (website: en.climate-data.org, accessed 4/9/2021), conservatively assuming all precipitation
infiltrates.

We modeled each ESU encountered at Wall 05.85L-A (ESU 2A, ESU 2B, ESU 4B, and ESU 5B) with the following material
properties:

e Saturated and unsaturated hydraulic properties to allow each material the potential for saturated and unsaturated flow;

e  Saturated hydraulic conductivities estimated by using the Schlichter method for ESU 2A and ESU 2B and using
recommended values from Laprade and Robinson, 1989 (see discussion in Section 7.1.6) for ESU 4B and ESU 5B;

e  Volumetric water contents estimated from sample functions provided in Seep/W based on soil descriptions and
saturated water content;

e Horizontal hydraulic conductivity functions estimated from the volumetric water content function using curve-fitting
parameters from the Fredlund-Xing-Huang method; and

e Permeability anisotropy estimated by selecting the anisotropy ratio (vertical hydraulic conductivity to horizontal
hydraulic conductivity). Anisotropy ratios are based on geologic setting, material composition, published values, and
our engineering judgement.

To calibrate the seepage model, we used the saturated hydraulic conductivities and anisotropy ratios presented in Table 20.

Table 20. Saturated Hydraulic Conductivities and Anisotropy Ratios

Saturated
Hydraulic Anisotropy Ratio,
Conductivity ky/kx
(feet/second)
2A 1.1 x 10 0.8
2B 3.3x10° 0.5
4B 3.8x107 0.025
5B 3.8x10% 0.005

Abbreviations:
ESU = Engineering Stratigraphic Unit

We used the Seep/W model results in Slope/W to represent pore pressure distributions from the seepage analysis in the global
stability analysis. By coupling the two analyses, we avoided overly conservative results that would have been obtained using a
simple phreatic surface reflecting the higher measured groundwater in boring H-3-85 and potentially unconservative results
that would have been obtained using a simple phreatic surface reflecting the deeper measured groundwater in boring H-2-85.
Furthermore, this coupling approach cancels small negative pore pressures occurring at the base of the slices within the failure
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surface, effectively maintaining a degree of conservatism in the stability analysis by not allowing increases in soil strength as a
result of matric suction.

The steady-state seepage model is presented in Appendix E. The Seep/W output report is presented in Appendix 1.

8.6 Global Stability

We evaluated global stability of Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and embankment
EMB: I-405 SB MP 5.97 to 5.83 at the design sections presented in Table 1. Per Project GDM Section 15-4.12 and Section 6-
4.3.2, a static resistance factor of 0.75 (FS = 1.3) and seismic resistance factor of 0.9 (FS = 1.1) shall be used for global
stability of Walls 05.85L-A and 05.85L-B. Per Project GDM Section 15-4.12, a static resistance factor of 0.75 (FS = 1.3) shall
be used for global stability of Wall 05.55L. Per Project GDM Section 9.2.3, a static resistance factor of 0.8 (FS = 1.25) shall be
used for global stability of Grade Separation Barrier 05.33R and embankment EMB: I-405 SB MP 5.97 to 5.83 since they do
not support or potentially impact structures.

Per AASHTO LRFD Section 11.10.2.2, we modeled a 4-foot horizontal bench in front of Walls 05.55L, 05.85L-A, and
05.85L-B. Based on preliminary drawings from Wood received on November 11, 2021, we modeled a 2-foot embedment at
Wall 05.55L. We modeled the front face embedment depth as 3 feet and 3.5 feet for Walls 05.85L-A and 05.85L-B,
respectively, using criteria outlined in AASHTO LRFD Table C11.10.2.2-1. For Wall 05.85L-B, the embedment depth was
based on the slope from the front of the horizontal bench to the existing ground surface.

We initially evaluated global stability using a minimum reinforcement length of 70 percent of the overall wall height (0.7H) at
Walls 05.85L-A and 05.85L-B. To meet the minimum FS for global stability, we increased the reinforcement length to 0.8H
for Wall 05.85L-A. We modeled a 1.5-foot clearance backfilled with imported gravel borrow between the reinforced zone
(back of the wall) and the face of the temporary shoring for Wall 05.85L-B and the bottom two rows at Wall 05.85L-A, and a
6-foot clearance backfilled with imported gravel borrow between the reinforced zone and the face of the temporary shoring for
the upper six rows at Wall 05.85L-A. See Section 8.8.3 for discussion on temporary shoring.

We used the horizontal seismic coefficients, kh, for global stability presented in Table 8 for the pseudo-static analyses at Walls
05.85L-A and 05.85L-B. We applied the apparent cohesion values presented in Tables 5 and 6 in the pseudo-static analyses at
Walls 05.85L-A and 05.85L-B, respectively. We used 50 psf apparent cohesion in the common borrow backfill behind Wall
05.85L-B for the pseudo-static analyses; see Section 8.7 below for a discussion on apparent cohesion in common borrow at
Wall 05.85L-B. We used the residual shear strength presented in Table 5 for liquefiable soils to evaluate post-seismic global
stability at Wall 05.85L-A.

Groundwater levels were modeled using a piezometric surface based on measured or observed groundwater levels at Grade
Separation Barrier 05.33R and Wall 05.55L, and the seepage analysis to model the piezometric surface at Walls 05.85L-A and
05.85L-B, and embankment EMB: 1-405 SB MP 5.97 to 5.83, as discussed in Section 5.3.

Per Project GDM Section 15-4.12, static, non-structural loads (such as traffic surcharge) shall be evaluated with a load factor of
1.0. For the static stability analysis, we applied a uniform traffic surcharge of 250 psf to Walls 05.55L, 05.85L-A, and 05.85L-
B, and embankment EMB: 1-405 SB MP 5.97 to 5.83. Per AASHTO LRFD Section 3.4.1, a load factor of 0.5 shall be applied
to the traffic surcharge during the design seismic event. A uniform traffic surcharge of 125 psf was included for the seismic
(pseudo-static and post-seismic) global stability analyses at Walls 05.55L, 05.85L-A, and 05.85L-B. A traffic surcharge was
not included in our analysis of Grade Separation Barrier 05.33R since a roadway is not present above the barrier.

Where applicable, the required minimum static, pseudo-static, and post-seismic FSs were met for the walls, barrier, and
embankment. Per the RFU geotechnical letter “Design Requirements and Geotechnical Assessment of Retaining Walls” (Hart
Crowser, 2021), a seismic analysis is not required for Wall 05.55L since failure of the wall would not impact the travel lanes.
Per Project GDM Section 9.2.3, seismic analyses are not required for global stability of the Grade Separation Barrier 05.33R or
embankment EMB: 1-405 SB MP 5.97 to 5.83 since neither support or would potentially impact structures.

We also evaluated the global stability of Walls 05.85L-A and 05.85L-B considering forward compatible walls for future I-405
widening. We modeled the forward compatible walls directly above Walls 05.85L-A and 05.85L-B with the face of the
forward compatible wall set back 7 feet from the face of the proposed walls. For our analyses, we modeled the forward
compatible wall as a high strength material with a unit weight of 130 pcf, a height extending from the top of the proposed walls
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to the existing grade of [-405, and the width as 8 feet. We modeled the backfill behind the forward compatible wall as
lightweight EPS using the strength properties presented in Table 7. Per RFP Section 1-01.3(1), forward compatible is defined
as “project elements that are constructed so they can be integrated into the future configuration...without significant demolition
or reconstruction of the Project Elements”. To meet the requirements outlined in the RFP, we truncated the EPS behind the
forward compatible walls at 4 feet from the proposed edge of the traveled way for the current project. The required minimum
static, pseudo-static, and post-seismic FSs were met for all forward compatible wall cases.

Structural loads were not included in our analyses. Any structural foundation loads applied to the barrier, walls, or
embankment shall include the appropriate load factors in AASHTO LRFD Table 3.4.1-1 consistent with Strength Limit State
and Extreme Event Limit State design.

The results of our global stability analyses for Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
embankment EMB: 1-405 SB MP 5.97 to 5.83 are summarized in Table 21. Global stability models showing FS for critical
failures at the design sections are provided in Appendices C through G. Global stability Slope/W reports are provided in
Appendix J.

Table 21. Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83 Global Stability Results

Calculated
Factor of Safety Minimum
(Spencer/ Reinforcement
Morgenstern- Length
Price)

Minimum

Required

Factor of
Safety

Minimum Wall
Embedment

Design Element Loading Type

(Design Section)

Grade Separation

Barrier 05.33R Static 1.25 1.69/1.69 Not Applicable Not Applicable
(Sta. 1+58)
Wall 05.55L . .
(Sta. 1+50) Static 1.3 25/25 Not Applicable 2 feet
i 16/1.6
Static 1.3 .
(FC:1.7/1.7) 0.8H (upper 6
Wall 05.85L-A . 1.2/1.2 rows)
(Sta. 1+90) Pseudo-Static 11 (FC:1.3/1.3) 1.0H (bottom 2 3 feet
o 16/16 rows)
Post-Seismic 1.1 (FC: 1.7/ 1.7)
. 14/14
Static 1.3
Wall 05.85L-B (FC:1.5/1.5)
0.7H 3.5 feet
(Sta. 2+60) Pseudo-Stati 11 1.3/1.3
seudo-Static : (FC:1.3/1.3)
Embankment
EMB: 1-405 SB MP . . .
597 to 5.83 Static 1.25 1.28/1.27 Not Applicable Not Applicable
(MP 5.88)
Abbreviations:

FC = Forward Compatible

H = Height of the wall (exposed face and embedded depth), in feet
MP = Mile Post

Sta. = Station
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8.7 Compound Stability

We used the results of the global stability analyses to model and evaluate compound stability of Walls 05.85L-A and 05.85L-B
at the design sections presented in Table 1. Per Project GDM Section 15-4.12 and Section 6-4.3.2, a static resistance factor of
0.75 (FS = 1.3) and seismic resistance factor of 0.9 (FS = 1.1) shall be used for compound stability.

We used the horizontal seismic coefficients, kh, for compound stability presented in Table 8 for the pseudo-static analyses at
Walls 05.85L-A and 05.85L-B. We applied the apparent cohesion values presented in Tables 5 and 6 for the native soils in the
pseudo-static analyses at Walls 05.85L-A and 05.85L-B, respectively. To meet minimum FSs for the pseudo-static analysis at
Wall 05.85L-B, we modeled the common borrow backfill with 50 psf apparent cohesion. Per FHWA Geotechnical Engineering
Circular No. 3 Table 11-2, 50 psf apparent cohesion should be assumed for a backfill soil with a fines content between 5 and
15 percent by weight. Per the soil plasticity table presented in WSDOT Standard Specification 9-03.14(3), Option 2 common
borrow contains 12.1 to 35 percent fines content by weight. The common borrow imported during construction shall be

Option 2, as specified in Section 8.13.1.

We used the residual shear strength presented in Table 5 for liquefiable soils to evaluate post-seismic compound stability at
Wall 05.85L-A.

Per Project GDM Section 15-5.3.4 and AASHTO LRFD Table 3.4.1-1, a strength limit state load factor of 1.75 shall be applied
to the standard traffic surcharge of 250 psf directly over the reinforced zone. For the static stability analysis, we applied a
uniform traffic surcharge of 437.5 psf directly over the reinforced zone and a uniform traffic surcharge of 250 psf outside of the
reinforced zone to Walls 05.85L-A and 05.85L-B. Per AASHTO LRFD Section 3.4.1, an extreme event limit state load factor
of 0.5 shall be applied to the standard traffic surcharge of 250 psf during the design seismic event. A uniform traffic surcharge
of 125 psf was included across all traffic lanes (both directly over and outside of the reinforced zone) for the seismic (pseudo-
static and post-seismic) compound stability analyses at Walls 05.85L-A and 05.85L-B.

Groundwater levels for Walls 05.85L-A and 05.85L-B were modeled using the piezometric surface from the seepage analysis
at Wall 05.85L-A, as discussed in Section 5.3.

We evaluated compound stability using the minimum reinforcement lengths required to meet the minimum FSs from the global
stability analyses. For compound stability of Wall 05.85L-A, we modeled 8 rows of reinforcing strips (2 strips per row in each
facing panel) at a length of 0.8H. We set the horizontal spacing of the reinforcing strips at 2.5 feet, and the vertical spacing of
the upper 7 rows at 2.4 feet, with the bottom row at 1.7 feet above the bottom of the leveling pad. For compound stability of
Wall 05.85L-B, we modeled 10 rows of reinforcing strips at a length of 0.7H. We set the horizontal spacing of the reinforcing
strips at 2.5 feet, and the vertical spacing of the upper 9 rows at 2.4 feet, with the bottom row at 0.5 feet above the bottom of
the leveling pad.

The required minimum static and pseudo-static FSs were met for proposed Wall 05.85L-B. To meet the minimum static and
seismic (pseudo-static and post-seismic) FSs for proposed Wall 05.85L-A, we increased the reinforcing strips to a length of
1.0H with 4 strips in each of the bottom 2 rows and decreased the horizontal spacing to 1.25 feet.

We also evaluated the compound stability of Walls 05.85L-A and 05.85L-B considering forward compatible walls for future I-
405 widening. We used the same geometry and strength properties from the global stability analyses to model the forward
compatible walls in the compound stability analyses. To meet required compound stability minimum FSs for the forward
compatible wall cases at Walls 05.85L-A and 05.85L-B, we modeled the forward compatible walls as a simple block with a set
width and set unit weight and the backfill as lightweight EPS. Another option to meet required compound stability minimum
FSs would be to optimize the design of the forward compatible walls. We did not explore all potential options as design of the
forward compatible walls is outside the scope of this project, however, we have demonstrated that walls for future 1-405
widening projects can be designed and constructed without demolition or reconstruction of Walls 05.85L-A and 05.85L-B.

Structural loads were not included in our analyses. Any structural foundation loads applied to Walls 05.85L-A and 05.85L-B
shall include the appropriate load factors in AASHTO LRFD Table 3.4.1-1 consistent with Strength Limit State and Extreme
Event Limit State design.
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The results of our compound stability analyses for Walls 05.85L-A and 05.85L-B are summarized in Table 22. Compound
stability models showing FS for critical failures at the design sections are provided in Appendices E and F. Compound stability
Slope/W reports are provided in Appendix K.

Table 22. Walls 05.85L-A and 05.85L-B Compound Stability Results

Minimum Calculated Minimum
. Factor of Safety Reinforcing Strip
Wall . Required
. . Loading Type (Spencer/ Length/ Number
(Design Section) Factor of f
Morgenstern- of Reinforcement
Safety .
Price) Rows
) 1.3/13
Static 13 (FC: 1.3/1.3)
05.85L-A gt 1.1/141 0.8H / upper 6 rows
(Sta. 1+90) Pseudo-Static 11 (FC:1.1/1.1) 1.0H / bottom 2 rows
_ 1.3/13
Post-Seismic 1.1 (FC: 1.4/1.4)
. 14/14
Static 1.3
05.85L-B (FC:1.4/1.5)
0.7H/ 10 rows
(Sta. 2+60) P i 11 1.1/1.1
seudo-Static . (FC:1.3/1.3)
Abbreviations:

FC = Forward Compatible
H = Height of the wall (exposed face and embedded depth), in feet
Sta. = Station

8.8 Structural Earth Wall (SEW) Fill Material Properties, Drainage, and
Temporary Shoring Recommendations

8.8.1 SEW Soil Parameters

Internal stability of Walls 05.85L-A and 05.85L-B will be evaluated by the design-build team’s wall designers and submitted
under separate cover. We developed geotechnical properties for the reinforced zone fill in the SEW, the retained fill behind the
SEW, and the foundation soil below the SEW to support the internal design calculations. SEW soil parameter
recommendations are presented in Table 23.

Table 23. Walls 05.85L-A and 05.85L-B SEW Soil Parameter Recommendations

SEW Soil Recommendations

Gravel Borrow for Structural Earth Wall

Reinforced Zone Fill WSDOT Standard Specification 9-03.14(4)
Unit Weight (pcf) 130
Friction Angle (degrees) 38
Cohesion (psf) 0
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SEW Soil Recommendations

Gravel Backfill for Walls

Retained Fill WSDOT Standard Specification 9-03.12(2)
Unit Weight (pcf) 130
Friction Angle (degrees) 38
Cohesion (psf) 0
Wall 05.85L-A Wall 05.85L-B
Foundation Soil ESU 2A ESU 2B
Unit Weight (pcf) 110 115
Friction Angle (degrees) 32 34
Cohesion (psf) 0 0
Abbreviations:

ESU = Engineering Stratigraphic Unit

WSDOT = Washington State Department of Transportation
pcf = pounds per cubic foot

psf = pounds per square foot

ESU = Engineering Stratigraphic Unit

8.8.2 SEW Drainage

The SEWs shall be designed and constructed with a permanent drainage system. The surface drainage system shall intercept
surface water at the top of the SEW to prevent sheet flow across the wall face and reduce infiltration and groundwater buildup
in the reinforced zone. Gutters shall be installed behind the wall to intercept surface water and convey it to an appropriate
discharge point. Where possible, the ground surface adjacent to the wall shall be sloped such that water is diverted away from
the wall toe.

Positive drainage shall consist of placing a minimum 18-inch-wide zone of free draining gravel backfill immediately behind
the SEW zone. Drainage material shall consist of WSDOT Standard Specification is Section 9-03.12(2), Gravel Backfill for
Walls. A 4-inch minimum diameter perforated drainpipe shall be embedded in the drainage layer and routed to an appropriate
discharge location.

8.8.3 Temporary Shoring

Since the proposed locations of the SEWs are adjacent to and below I-405 and temporary excavations would intersect the
roadway, temporary shoring will be required prior to constructing Walls 05.85L-A and 05.85L-B. For access and equipment
during construction of the proposed SEWs, the shoring wall will need to be installed an adequate distance behind the back of
the walls. The temporary shoring wall shall be designed for live traffic loads and appropriate surcharges, including soil slopes
and construction traffic. Any groundwater or surface water encountered during shoring construction shall be dewatered
following recommendations presented in Section 8.9.2.

8.9 Site Preparation and Earthwork

8.9.1 Earthwork Considerations

We anticipate that the site soils at each barrier or wall discussed in this geotechnical engineering report can be excavated with
conventional excavation equipment, such as trackhoes or dozers. Excavations extending into glacially consolidated soils
(ESU 4B and ESU 5B) may be difficult. Excavations may encounter debris, large cobbles, and boulders.

8.9.2 Dewatering

Based on our understanding of site conditions, we do not anticipate that excavations will extend below the seasonal high-water
table. However, it is possible that perched groundwater seepage may be encountered during excavations at Walls 05.85L-A and
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05.85L-B. Any groundwater seepage or surface water that cannot be handled successfully with sumps and pumps shall be
routed away from the excavation areas to an appropriate location where it can be treated (if necessary) and discharged.

8.9.3 Bearing Surface Preparation

Bearing surfaces for the barrier and walls must be evaluated by GeoEngineers before installation of the barrier and wall
foundations to identify loose, soft, or otherwise unsuitable soils. This evaluation shall be identified as a hold point on the
relevant barrier and wall plans. If unsuitable soils are identified during evaluation, GeoEngineers will provide
recommendations for remediation or repair of the unsuitable areas. Based on nearby borings, we expect to encounter the
following ESUs at or near the foundation bearing elevations:

Grade Separation Barrier 05.33R— ESU 1B
Wall 05.55L —ESU 1B

Wall 05.85L-A — ESU 2A

Wall 05.85L-A — ESU 2B

8.10 Temporary Shoring

To facilitate construction of Walls 05.85L-A and 05.85L-B, a shoring wall will be required. Temporary shoring
recommendations for Walls 05.85L-A and 05.85L-B are presented in Section 8.8.3.

8.11 Temporary Cut Slopes

Temporary cut slopes shall not exceed the maximum allowable inclinations presented in Project GDM Section 15-7.4.

8.12 Permanent Slopes

Permanent slopes shall be inclined no steeper than 2H:1V. Permanent slopes shall be planted or hydroseeded as soon as
practicable after grading. Temporary erosion control measures, such as erosion control blankets, shall be incorporated until
permanent vegetation and erosion control has been established.

8.13 Materials

8.13.1 Common Borrow

Common borrow shall conform to WSDOT Standard Specification 9-03.14(3) and, at specifically at Wall05.58L-B, shall
consist of Option 2 for soil plasticity.

8.13.2 Select Borrow

Select borrow shall conform to WSDOT Standard Specification 9-03.14(2).

8.13.3 Gravel Borrow
Gravel borrow shall conform to WSDOT Standard Specification 9-03.14(1).

8.13.4 Gravel Borrow for Structural Earth Wall

Gravel borrow for structural earth wall shall conform to WSDOT Standard Specification 9-03.14(4) and Cu shall be 6.3 or
greater.

8.13.5 Gravel Backfill for Walls
Gravel backfill for walls shall conform to WSDOT Standard Specification 9-03.12(2).

8.13.6 Crushed Surfacing Base Course
CSBC shall conform to WSDOT Standard Specification 9-03.9(3).

8.14 Fill Placement

Barrier and wall backfill and foundation subgrade shall be placed and compacted in accordance with Method C of
Section 2-03.3(14)C of the WSDOT Standard Specifications.
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Appendix A
Field Exploration Logs
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TABLE A-1

1-405 RENTON TO BELLEVUE WIDENING AND EXPRESS TOLL LANES PROJECT
GEOLOGIC UNITS AND DESCRIPTIONS

Unit Name Abbreviation Unit Description
Quaternary Units
Fill Af Fill placed by humans, both engineered and uncontrolled fill consisting of various materials, including debris; typically
dense or stiff if engineered, but very loose to dense or very soft to stiff if uncontrolled fill.
Landslide Debris Qls Soil deposits associated with slope failures, mass wasting and mud flows of soils. Normally found at and adjacent to

the toes of hillslopes or in drainage channels, consisting of disturbed, heterogeneous mixtures of all soil types and
intermixed debris; loose or soft, with random dense to hard pockets.

Peat Qp Depression fillings of organic materials consisting of peat, peaty silt; peaty silty clay, peaty sandy silt, and organic
silts and clays with sand; very soft to medium stiff.
Alluvium Qal Mainly river, creek or overbank deposits, consisting of sand, silty sand; gravelly sand and sandy gravel with scattered

organics that are typically very loose to dense, and includes interbedded slack water or lake deposits that consist of
silts, clays and sandy silts.

Recessional Deposits Qvr Sediments deposited after glacial ice retreated that have not been glacially overridden. These recessional deposits
include: Outwash- glaciofluvial sediment deposited off the retreating glacier consisting of sand or silty sand; locally
gravelly; loose to dense; Ablation Till- heterogeneous soils deposited during the wasting of glacial ice; generally not
reworked consisting of gravelly, silty sand, gravelly, sandy silt or clayey silt; loose to dense or soft to very stiff; Ice
Contact Deposits- heterogeneous soils deposited against or adjacent to ice during the wasting of glacial ice;
commonly reworked, consisting of stratified to irregular bodies of gravel, sand and silt; loose to dense; and Lacustrine
Deposits- sediments deposited as glacial ice retreated consisting of silt and clay; locally fine sand; soft to very stiff.
Vashon Glacial Till Qut Lodgment till laid down along the base of the glacial ice and overridden by the weight of glacial ice, consisting of
gravelly, silty sand or gravelly, sandy silt (“hardpan”); boulders and cobbles common; gray and very dense, and in its
weathered state may be oxidized brown and medium dense to dense. Sometimes referred to as a diamicton.

Advance Outwash Qva Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland and overridden by the
weight of glacial ice; typically stratified, light brown to gray, sand, gravelly sand, and sandy gravel; dense to very
dense.

Proglacial Lacustrine Qgl Fine-grained glacial sediment deposited in pro-glacial lake in Puget Lowland consisting of interbedded brown, gray to
Deposits (Lawton Clay) blue-gray silt, clayey silt; silty clay; fine sand; massive to locally laminated or locally disturbed (fractures and
slickensides); scattered wood near base; very stiff to hard or dense to very dense.
Pre-Fraser Deposits Qpf Undifferentiated interbedded gravel, sands and silts; typically, oxidized orange or reddish brown, dense to very
dense.
Tertiary Formations
Intrusive Andesite Oian Igneous bedrock consisting mainly of andesite.
Renton Formation Tr Sedimentary bedrock; tan friable silty sandstone, siltstone with interbedded coal seams.

Retaining Wall Report: Eastside Rail Corridor Trail South
File Name: Table A-1 Lithology



Field Soil Description

ORDER OF CLASSIFICATION TERMS

. Soil classification

. Relative density/consistency

. Color (based on Munsell Color Chart)

. Moisture

. Structure

. Other - plasticity, dilatancy, organics, odor
Geologic Name: Fill, Glacial Till, etc. (optional -

O WN -~

ask project manager)

Coarse Sand

Medium Sand

Fine Sand

Fine <#200

EXAMPLES

\Well graded GRAVEL, with cobbles and boulders, subrounded, medium dense,

UNIFIED SOIL CLASSIFICATION SYSTEM
(From ASTM D-2488 & 2487-90)

Brownish Yellow Olive Yellow

Light Yellow Brown Light Olive Brown

Grayish Brown

Olive

grayish brown, wet, homogeneous, no HCL reaction or HCL not tested (Alluvium) GROUP TYPICAL
SM MAJOR DIVISIONS SYMBOL DESCRIPTION
Silty fine SAND with gravel, prevalent roots and fine organics, subrounded, loose, Clean Well-Graded Gravels,
brownish black, moist, no HCL reaction or HCL not tested (Relict Topsoil) SM Gravels (less GW  [Gravel-Sand Mixtures, Little
Fibrous or amorphous PEAT with or without some silt/clay; PT Gravels (more| than 10% oo OE;NZF(TES |
Fat CLAY with sand, medium stiff, dark gray, wet, blocky, no HCL reaction or HCL than 50% of fines) GP C(;)ory- radeq ravess,
fraction ravel-Sand Mixutres
not tested (Lawton Clay) CH coarse -
retained on ‘ GM Silty Gravels, Gravel-Sand-
RELATIVE DENSITY OF GRANULAR SOILS No. 4 sieve) Gravels with Silt Mixtures
. . : 1 0,
(Cohesionless Silt, Sand, and Gravel) Coarse- F'”eﬁsm(;;w’ . Clayey Gravels, Gravel-
N, SPT, RELATIVE FIELD TEST FOR RELATIVE DENSITY OF SG_I"a'(”ed Sand-Clay Mixtures
oils (more
BLOWS/FT DENSITY SAND* than 50% Well-Graded Sands,
0-4 Very loose Penetrated 3 feet or more by hand probe  |ratained on SW Gravelly Sands, Little or No
4-10 Loose Penetrated 1 to 2 feet by hand probe No. 200 ?'?gz‘/ ngnds) —— g'”jsd o
} - : sieve) | Sands (50% [(<10% fines oorly-Graded Sand,
11-24 Med-dense Penetrated 3 to 12 inches by hand probe oF more of sp Gravelly Sands, Little or No
25-50 Dense Penetrated 1 to 3 inches by hand probe coarse fraction! Fines
Penetrated less than 1 inch by hand probe passes the SM Silty Sands, Sand-Silt
Over 50 Very Dense * varies with soil type No. 4 sieve) | Sands with Mixtures
RELATIVE CONSISTENCY OF COHESIVE SOILS FineﬁSﬂSO% «c | Clavey sands, sand-Ciay
(Cohesive, Silt, and Clay) Mixtures
N, SPT, | RELATIVE |TORVANE, tsf| POC. PEN., tsf MANUAL Inorganic silts and Very
BLOWS/FT | DENSITY | SHEAR STR. | UNCONF. STR. | PENETRATION TEST Fine Sands, Rock Flour,
Easv several inches b ML Silty or Clayey Fine Sands
0-1 | Verysoft [ <0.13 <025 Y y or Clayey Silts with Slight
- Silts and : Plasticity
24 Soft 013-0.25 025-05 Easy several inches by Clays (liquid Inorganic :
thumb S Inorganic Clays of Low to
- limit less than ; A
5.8 Medium 025-05 05-1 Moderate several 50) cL Medium Plasticity, Gravelly
stiff ’ ) ’ inches by thumb Fine- Clays, Sandy Clays, Silty
9-15 Stiff 0.5-1 1-2 Read|l)t/h|ndebnted by SG_II'alnse(;jo/ Clays, Lean Clays
_thum oils (50% Oraanic oL Organic Silts and Organic
16-30 Very stiff 1-2 2-4 Readily IndenFed by | ormore 9 Silty Clays of Low Plasticity
thumbnail passes the - -
Inorganic Clays of Medium
30-60 Hard >2 >4 Difficulty by thumbnail | No. 200 CH to High Plasticity, Sandy
SOIL STRUCTURE sieve) Fat Clay, Gravelly Fat Clay
g Alternating layers of varying material or color with layers at least Silts a‘nd. Inorganic Inorganic Silts, Micaceous
Stratified 6mm (1/4") thick Clays (liquid MH or Diatomaceous Fine
Alt - - - - limit 50 or Sands or Silty Soils, Elastic
. ernating layers of varying material or color with layers less than .
Laminated " oars more) Silt
6 mm (1/4") thick - -
Tt 13 o' 1/2 thick Organic Clays of Medium to
Seam to 13 mm (1/16" - 1/2") thic Organic OH High Plasticity, Organic
Layer 13 to 305 mm (1/2" - 12") thick Silts
Occasional One or less per foot of thickness Highly Primarily organic matter, Peat, Humus, Swamp Soils
Frequent More than one per foot of thickness Orga_mic dark in color, and organic PT with High Organic Content
— — - Soils ordor (See D 4427-92)
Fissured Breaks along definite planes of fracture with little resistance to
fracturing MOISTURE CONTENT ORGANIC CONTENT
slickensided Fracture planes appear to be. polished or glossy, sometimes ADJECTIVE PERCENT BY VOLUME
striated Dry - Dusty, dry to touch
Cohesive soil that can be broken down into small angular lumps : Scattered |1-10
Blocky . -
which resist further breakdown Numerous [10-30
. Ir)clusion of small pockets of different soils, generally Moist - Damp but no visible water Organic 30 - 50 minor constituent
Lensed discontinuous, such as small lenses of sand through out a mass of
clay; note thickness. PEAT 50 - 100 MAJOR constituent
Homogeneous Same color and appearance throughout Wet - Visible free water Describe type and size of organic debris
j .o
210
% =
o
E © Reddish Brown

Greenish Gray Bluish Grey



DRAWN BY: JRS CHECKED BY: JD

MAJOR DIVISIONS SYMBOLS TYPICAL
GRAPH | LETTER DESCRIPTIONS
L]
WELL-GRADED GRAVELS, GRAVEL -
GRAVEL AND CLEAN GW SAND MIXTURES, LITTLE OR NO FINES
GRAVELLY GRAVELS
SOILS
POORLY-GRADED GRAVELS, GRAVEL -
(LESS THAN 5% b, GP SAND MIXTURES, LITTLE OR NO FINES
FINES) bO )0 Y
PN J o P U
COARSE GRAVELS o V20 [ SILTY GRAVELS, GRAVEL - SAND - SILT
MORE THAN 50% B, DQO b< GM MIXTURES ’
GRAINED OF COARSE WITH FINES KeYaloTe
SOILS FRACTION
RE;A‘INSEIEV%N (GREATER THAN % GC CLAYEY GRAVELS, GRAVEL - SAND -
12% FINES) CLAY MIXTURES
RN NN WELL-GRADED SANDS, GRAVELLY
SAND AND CLEAN eoesereerororones SW SANDS, LITTLE OR NO FINES
SANDY SOILS SANDS KRR R RRRRY
MORE THAN (LESS THAN POORLY-GRADED SANDS, GRAVELLY
50% OF 5% FINES) SP SAND, LITTLE OR NO FINES
MATERIAL IS
LARGER THAN
NO. 200 SIEVE SANDS WITH SM SILTY SANDS, SAND - SILT MIXTURES
SIZE MORE THAN 50 OF FINES
COARSE FRACTION
PASSING
(GREATER THAN 12% CLAYEY SANDS, SAND - CLAY
NO. 4 SIEVE FNES) sc CLAYEY SANDS,
INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
SILTS ML CLAYEY FINE SANDS OR CLAYEY SILTS
AND WITH SLIGHT PLASTICITY
CLAYS INORGANIC INORGANIC CLAYS OF LOW TO MEDIUM
FINE CL PLASTICITY, GRAVELLY CLAYS, SANDY
GRAINED CLAYS, SILTY CLAYS, LEAN CLAYS
SOILS %
uauoumTiess | F———
THAN 50 ORGANIC F— OI_ ORGANIC SILTS AND ORGANIC SILTY
o o CLAYS OF LOW PLASTICITY
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR SILTY
MORE THAN SILTS SOILS
MA?;@&E < AND INORGANIC v,
v
A CLAYS / CH ::I’\IL'OAI;EI_BI/;;III_ICY: CLAYS OF HIGH
THAN NO. 200 /
SIEVE SIZE 77 7
LIQUID LIMIT ORGANIC CLAYS OF MEDIUM TO HIGH
GREATER THAN 50 ORGANIC OH PLASTICITY, ORGANIC SILTS
R
= == PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS NUZNUZNIZR PT HIGH ORGANIC CONTENTS
WRVRVRY
FILL
FILL SOILS (AF) HUMAN ALTERED SOIL OR MODIFIED
LAND
NOTES:
1. SOIL DESCRIPTIONS ARE BASED ON THE GENERAL APPROACH PRESENTED IN THE STANDARD PRACTICE FOR DESCRIPTION AND

IDENTIFICATION OF SOILS (VISUAL-MANUAL PROCEDURE), AS OUTLINED IN ASTM D 2488. WHERE LABORATORY INDEX TESTING HAS BEEN
CONDUCTED, SOIL CLASSIFICATIONS ARE BASED ON THE STANDARD TEST METHOD FOR CLASSIFICATION OF SOILS FOR ENGINEERING
PURPOSES, AS OUTLINED IN ASTM D 2487.

2. SOIL DESCRIPTION TERMINOLOGY IS BASED ON VISUAL ESTIMATES (IN THE ABSENCE OF LABORATORY TEST DATA) OF THE PERCENTAGES
OF EACH SOIL TYPE AND IS DEFINED AS DESCRIBED BELO!

3. DUAL SYMBOLS (E.G. SP-SM, OR GP-GM) ARE USED TO INDICATE A SOIL WITH AN ESTIMATED 5-12% FINES.

PRIMARY CONSTITUENT >50% - "GRAVEL" "SAl "SILT", "CLAY", etc.
SECONDARY CONSTITUENTS: >12% and <50% - "gravelly", “sal c.
ADDITIONAL CONSTITUENTS >5% and <12% - "some gravi "some silt", etc.

<5% - "trace gravel", "trace sand' "trace silt" etc. or not noted.

4. RELATIVE DENSITY OF SOIL IS BASED ON STANDARD TEST METHOD FOR PENETRATION TEST (SPT) AND SPLIT-BARREL SAMPLING OF SOILS
é%II—?III/?IIIEDLIAﬁ'EIgIEI)IXF(’:I:(’?_IT;SELATIONS FOR OTHER SIMPLER TYPES AND METHODS FOR SPT SAMPLING, THE FOLLOWING BLOW COUNT

A. RELATIVE DENSITY OF COARSE GRAINED SOILS B. RELATIVE CONSISTENCY OF FINE GRAINED SOILS
VERY LOOSE: N = <4 (N = BLOWS/FOOT VERY SOFT: N = <2 (N'= BLOWS/FOOT
LOOSE: N = >4 AND <10 SPT METHOD) SOFT: N = >2 AND <4 SPT METHOD)
MEDIUM DENSE: N = >10 AND <30 MEDIUM STIFF: N = >4 AND <8
DENSE: N = >30 AND <50 STIFF: N = >8 AND <15
VERY DENSE: N = >50 VERY STIFF: N = >15 AND <30
HARD: N = >30
DATE
JUNE 2018
SCALE

NOT TO SCALE

Wood Environment & WOOdo PROJECT NO.

Infrastructure Solutions, Inc. SOIL CLASSIFICATION
4020 Lake Washington Blvd. NE, Suite 200 CHART / KEY FIGURE
Kirkland, Washington 98033 A-1
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4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

wood.

PROJECT NAME
CLIENT _WSDOT

1-405 Renton to Bellevue Widening

DATE STARTED _7/30/20 COMPLETED _7/30/20
DRILLING CONTRACTOR _Holt Services

DRILLING METHOD _HSA

LOGGED BY _Patricia Reed

CHECKED BY _Bill Lockard

PROJECT NUMBER _20316

PAGE 1 OF 2

BORING NUMBER _W-207-20

PROJECT LOCATION _Renton, WA

GROUND ELEVATION
DRILL RIG _Mobile B-57 ID#10

STATION (FT) _5585+47.74

NORTHING

128.2 ft NAVD8S
OFFSET (FT)
186017.629 EASTING

HOLE SIZE 8inches
SPT HAMMER EFFICIENCY _87%

109.4 R

1303588.587

NOTES GW LEVEL (ATD) _Dry
° w A SPTN VALUE A
& | > S 20 40 60 80
E_ElTo Yo| Fu PL MC LL TESTS
<>’: S &0 SOIL & ROCK DESCRIPTION >0 W= AND
o a % a 9 x L = 20 40 60 80 REMARKS
w § g O FINES CONTENT (%) O
0 20 40 60 80
- £ Grass (8 inches) over : : : :
N |
| B Silty SAND, medium dense, grayish brown, dry, [FILL] (SM) | | eeeeridiidd
N 0 SPT-1 ‘A
125 o recovery 12 beenens 23
— 12 :
11 :
_5 SSOUS T A I
- 8 sz e & MC = 11%
16 : Fines = 37%
B - 21 e ...... RockinbarreLSPT
: values may be
: overstated
1 SPT-3 : _
120 6 |e.... 18-t MC = 13%
128 8 :
10
ﬂ R R R RS PRSPPI Y
B Becomes with gravel and scattered bits of clear glass 11 SPST-4 ?2 O MC = 10%
6 : Fines = 31%
i ] 6 e e
_1 5 —4 _S_arﬁy_le;n_c L_AV thh_gTa V_eL_s &t‘_g ath_bE)V‘;] ,_\Na7_d||gta_nt_vv E] ......... ..............................
scattered fragments of coal, [FILL] (CL) :
18 NSRSV SOV SO
- 8 W SFoa e U MC = 17%
1 : : LL =28
i _ PR PP PL =20
Fines = 50%
i Construction DEBRIS: cod_bridk. ;I e BmiweddwiaCAY — 1 | [
matrix, [FILL] (CL) ST
0 - S OUR SO O SOt SO Shelby tube likely
— contains demolition
debris, rock stuck in
oo Il L lower end
20

(Continued Next Page)
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4020 Lake Washington Blvd Suite 200 PAGE 2 OF 2
WOOQ. «irkian, wa 98033

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-207-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
° w A SPT N VALUE A
& Lo > | Fx 20 40 60 80
E_ETo el oo PL  MC LL TESTS
<>’: = & &5 SOIL & ROCK DESCRIPTION >C as H———A AND
o a % a 9 x L = 20 40 60 80 REMARKS
w w S O] FINES CONTENT (%) O
20 20 40 60 80
- Construction DEBRIS; coal, brick, plaster, burnt wood within a CLAY 44 SPT-6 (A : : :
matrix, [FILL] (CL) (continued) f 3
i _ S TOTUUOR SUUUUE FOUUUR SUUPUE FOPPIN
&5 R 7 2 T [ [ SRR IR IPL PP TP NP S
2z b,
- 72 SPT-7 A : :
2 P
1
i _ S PP PO
&0 R 7777 T I N IR ]
i :. STty SAND donse. yallomiah Drown o qrayieh brown mosi oddizeg i 1| [k
30 4 places, stratified, disturbed, [Qvt] (SM)
9 : : : : Fines = 28%
i _ 20 feeeeees e B e Fooees
9_5 T 1 S AT
35 e e
B 100 SPT-9 : : :
20 : : : .
” 16 : : : :
B -1 Becomes very dense o0/ : : : :
% — [ R R R S SRR
40 SO SR S sy
- 100 SPT-10 : : :
18 : : : :
40 : : : :
i _ Lo T R P

Bottom of borehole at 41.4 feet.
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4020 Lake Washington Blvd Suite 200
woo o Kirkland, WA 98033

PROJECT NAME
CLIENT _WSDOT

1-405 Renton to Bellevue Widening

DATE STARTED _7/27/20 COMPLETED _7/28/20
DRILLING CONTRACTOR _Holt Services

DRILLING METHOD _HSA

LOGGED BY _Patricia Reed

CHECKED BY _Bill Lockard

PROJECT NUMBER _20316

PAGE 1 OF 2

BORING NUMBER _W-215-20

PROJECT LOCATION _Renton, WA

GROUND ELEVATION

171.2 ft NAVD88

DRILL RIG _Mobile B-57

STATION (FT) _5599+25.14
187332.8835

NORTHING

EASTING

HOLE SIZE 8inches
SPT HAMMER EFFICIENCY _87%
OFFSET (FT) 524L

1303168.587

NOTES GW LEVEL (ATD) _31.0 ft/ Elev 140.2 ft
e w A SPTNVALUE A
& | > S 20 40 60 80
E_FTo Gal o4 PL  MC LL TESTS
LE2%0 SOIL & ROCK DESCRIPTION >g| 4= —e— AND
o a % 3 8 @x % = 20 40 60 80 REMARKS
w w g O FINES CONTENT (%) O
0 20 40 60 80
- ASPHALT (14 inches) over : : : :
1_70 ____________________________ N Y N PR ..............................
Silty SAND with gravel, dense, light gray, dry, [FILL] (SM) :
76 ST @ 0 A MC = 10%
i i S RS I S e s
21 :
_5 e,
B gravel grades out 100 SPGT-2 : 3A2 :
13 : :
ﬁs — 19 preeeees ......
| Silty SAND, dense, light olive yellow, moist, [FILL] (SM) 78 SPST—3 e A : MC = 15%
i i 5 fei G2 e i
17
10 : : : :
|19 = st AR T R
6 : 39
18 : :
ﬁo — 21 ....... E ..............................
15 b,
1Y = et s
3 23
10 . -
155 SILT with sand, dense, light olive yeliow, moist, [Qvi] (ML) 13 ; MLCIJ_ = 1N 9|;%
e e s P 0 QU P PL = NP
| Fines = 72%
20

(Continued Next Page)
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4020 Lake Washington Blvd Suite 200 PAGE 2 OF 2
WOOQ. «irkian, wa 98033

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER 20316 BORING NUMBER _W-215-20
CLIENT WSDOT PROJECT LOCATION _Renton, WA
< w A SPTNVALUE A
z _lo > S 20 40 60 80
E_ETo el oo PL  MC LL TESTS
<EQl2o SOIL & ROCK DESCRIPTION Sg| 4g —e— AND
o a % 3 8 x % = 20 40 60 80 REMARKS
m o g O FINES CONTENT (%) O
20 20 40 60 80
- -13]:] Silty SAND, very dense, light olive yellow, moist, [Qut] (SM) 78 SP4T-6 : : 5A1 : :
: 16
150 5 frreeeeeeeeeciieiiindiiiiieen,
| .. 94 SPT_7 ..... ‘:‘ . A , ....... ....... , ...... -
2 6 T34 : : MC = 18%
: 16 : : : : Fines = 23%
ﬂs . 18 ....... E ....... § ....... E ....... § ......
. SILT, dense, light olive yellow, wet, stratified with silty sand, [Qvt] (ML) 67 N ST s 3A1 R
13 S
ﬂo — 18 ....... E ....... ; ....... E ....... ; ......

Bottom of borehole at 31.5 feet.
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4020 Lake Washington Blvd Suite 200 PAGE 1 OF 3
WOOQ. «irkian, wa 98033

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-217-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
DATE STARTED _7/29/20 COMPLETED _7/30/20 GROUND ELEVATION _219.6 ft NAVD88 HOLE SIZE _8 inches
DRILLING CONTRACTOR _Gregory Drilling DRILL RIG _CME 55 ID: #310 SPT HAMMER EFFICIENCY _88%
DRILLING METHOD HSA STATION (FT) 5612+83.44 OFFSET (FT) _11.0L
LOGGED BY _Carlos Mendoza CHECKED BY _Pat Reed NORTHING _188693.428 EASTING _1303110.552
NOTES GW LEVEL (ATD) _Dry
° w A SPT N VALUE A
z _lo > S 20 40 60 80
E_ETo =Y PL  MC LL TESTS
<>’: = & &5 SOIL & ROCK DESCRIPTION >C as H———A AND
o a % a 9 x = 20 40 60 80 REMARKS
w w S O] FINES CONTENT (%) O
0 20 40 60 80
ASPHALT (18 inches) over : : : :
I Well graded SAND with gravel, olive yellow, subangular gravel, | R
- [FILL/CI’UShed rOCk base Coarse] (SW) ....... g ....... § ....... g ....... § ......
- 67 SPT-1 | @ I:I A —
. 14 o e ereeni. 93 MC = 8%
T 43 : : : : Fines = 45%
= 8 50 : : : :
215 : : : :
_5pz ] SIty SFEL Wi gravel, very dense, fignt yellow brown, dry, subroundec | | 1 . SRR FOUUOR SRR SOV
-{ gravel, [Qvt] (SM) 67 SPT-2 : A :
B : 10 : : 63
] 28 : : : :
— ~: 35 ....... E ....... § ....... E ....... § ......
] : STty SAND very doroe, Bidieh gy, mos i sas omem 1 | [ e ....... e
i ] 63 st @ - L MC = 9%
p : 17 Leeedt h _aoe
. 36 : : : : Fines = 37%
| ] 50/4" : : : :
210 : : : :
L AN N SO UV SOUUU SRR
| Becomes bluish gray 67 Sq£-4 : : :
- o | i
bos  F TR
A5 g i fpvren
3 67 N/ SPI5| @ MC = 12%
| : ;g : : : : Fines = 40%
200

(Continued Next Page)
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wood.

4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

PAGE 2 OF 3

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-217-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
° w A SPT N VALUE A
& | > S 20 40 60 80
E_ElTo Gal o4 PL MC LL TESTS
<>’: = & &5 SOIL & ROCK DESCRIPTION >C as AND
o a % a 9 x L = 20 40 60 80 REMARKS
m w g O FINES CONTENT (%) O
20 20 40 60 89—
1|1 Silty SAND, very dense, bluish gray, moist, [Qvt] (SM) 63 SF;B-G : : : i
i : 50/2" P
S_IL?,EE&n_sgg_ra;d_ry,_[agﬁ(l\_/IL_) _____________ — ....... ..............
195 P
25 SOUUUE UNUE SORNUU ST ST
44 SPT-7 oA : O =
i 4 e MC = 23%
o7 . LL=48
- 24 B R R R R ...... PL =30
: Fines = 90%
190 :
000 e L e -
44 SPT-8 50/6"
I T 957
32 :
_ 5O feerreesee e ieee e
on LAY Fard HuEh_gadey _[Q_glﬂc_l_)_ __________ e e ......................
£
35 OO PO SRR SURRE SO
67 SPT-9 *—1 A O -
n 10 S MC = 24%
20 : LL =42
. 35 el PL =26
Fines = 92%
e A
g o ___ T S SUOUUPRSUNIINE ryrye
V Fat CLAY with sand, very hard, bluish gray, dry, homogeneous, [Qgl] 58 SPT-10[ @ F——17"0 MC = 15%
- / (CH) o T LL =56
] D S S PL =28
/ Fines = 73%
A ____________________________ — .......:.......5.......:.......5 ......
Lean CLAY, very hard, bluish gray, dry, [Qgl] (CL)

(Continued Next Page)
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wood.

PROJECT NAME _1-405 Renton to Bellevue Widening

4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

PROJECT NUMBER _20316

PAGE 3 OF 3

BORING NUMBER _W-217-20

CLIENT _WSDOT

PROJECT LOCATION _Renton, WA

\ moist, oxidation, [Qvt] (GM)

Bottom of borehole at 60.4 feet.

°\° w A SPTNVALUE A
& | > S 20 40 60 80
E_ElTo Gal o4 PL MC LL TESTS
LE2%0 SOIL & ROCK DESCRIPTION >g| 4= —— AND
o a % art 8 x % % 20 40 60 80 REMARKS
] w g O FINES CONTENT (%) O
20 40 60 80
n Lean CLAY, very hard, bluish gray, dry, [Qdl] (CL) (continued) | |  [rrorrrbressstreeepeesensteenees
175 :
a7 L N
75 N SPT-11 : '
20 L
B 35 :
— 50/4" R R R R R ......
Vel oo SANG Wil SiTari g vy s gy iromom || [ =
[Qvt] (SW) :
00 SPT2 R IR ITTES [ETTR TR ooy MC=5%
50/2" : Fines = 11%
= .:. Sﬁty_SK'\TD_Wﬂ]Era_\/eT‘ \/_eryd_erEeTIiEht_ome_bEVW‘,_m;isT, [—Qv—t](—Sm)— .......:.......S....... ........ § ......
73 SETAE] e
15 :
50/5"
Sity GRAVEL with sand, very dense, brownisn yellow (o dive yeliow, | 100 [[SPT-1a] " 7




4020 Lake Washington Blvd Suite 200 PAGE 1 OF 4

Kirkland, WA 98033

wood.

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-218-20

CLIENT _WSDOT PROJECT LOCATION _Renton, WA

DATE STARTED _8/31/20
DRILLING CONTRACTOR _Boretec

COMPLETED _9/1/20 GROUND ELEVATION _238.6 ft NAVD88 HOLE SIZE _6 inches

DRILL RIG _EC95 SPT HAMMER EFFICIENCY _60%

WSDOT GEOTECH DRILLING - 1405 WSDOT.GDT - 11/4/20 12:31 - C:\USERS\CHELSEA.FOSTER\DOCUMENTS\PROJECTWISE\WORKINGDIR\WSDOT\DMS08721\1405 WSDOT - SEG. 1.GPJ

DRILLING METHOD HSA STATION (FT) 5619+05.41 OFFSET (FT) _11.7L
LOGGED BY _JP Bourquin CHECKED BY _Pat Reed NORTHING _189315.321 EASTING _1303096.815
NOTES GW LEVEL (ATD) _Dry
° w A SPT N VALUE A
z _lo > S 20 40 60 80
E_ETo Lol F4 PL  MC LL TESTS
<>’: = & 2o SOIL & ROCK DESCRIPTION >a u s AND
o a % 3 8 @x % = 20 40 60 80 REMARKS
w w S O] FINES CONTENT (%) O
0 20 40 60 80
ASPHALT (14 inches) over : : : :
Well graded SAND with silt and gravel, very dense, light yellowish brown, |
moist, fine to coarse sand and gravel, homogenous, [Qva] (SP) : : : :
O N ST A MC = 3%
36 : : : Fines = 9%
32 :
Sﬁty_SK B medium d_en_se_,laht_oﬁ/ Strowr gt hom o_ge_no_usr[avg] ....... R R
1 (SM) :
89 SeTa A ............................
11 23
12 :
11 [ R R R S SRR
. o WSS @ADL MC = 15%
"l Becomes dense, brownish gray, moisture increases 10 : : : Fines = 33%
15
'] Becomes medium dense, light olive brown, fine to medium sand and 56 SPT-4 "] A A
" gravel 5 22
K 10 : :
12 oo i
: 3 AR
1 Becomes very dense with gravel 26 : : : Fines = 41%
39 feeeeeee i

(Continued Next Page)
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wood.

4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

PAGE 2 OF 4

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-218-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
° w A SPT N VALUE A
& | > S 20 40 60 80
E_ElTo Yo| Fu PL MC LL TESTS
<>’: = & &5 SOIL & ROCK DESCRIPTION >C u s AND
o a % | 9 x L = 20 40 60 80 REMARKS
w w S O] FINES CONTENT (%) O
20 20 40 60 80—
“1:]:] Silty SAND with gravel, very dense, grayish brown, moist, homogenous, 100 SPT6 | @H: I ) MC = 10%
- 1 [Qval (SM) h : : LL =17
...................................... PL=14
Fines = 45%
21¢
Lenses of sand (~2 to 3 inches thick) 100 325-7 .......................
§ 50/5" : : : :
1 Becomesaivebronn L e e
150 SPT S @ [qieeeeeedoneenes MC=5%
i 50/5" : Fines = 36%
Pocrly oraded SAND very demse, aive bromm mostfreomadia ~ | [ieedeeeedes
205 sand, [Qval (SP)
20 Sp g [ i
L 50/5" :
200
100 SPToG]
50/2" :

SILT, very dense, olive brown, moist, non plastic, homogenous, [Qgl]
(ML)

(Continued Next Page)
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wood.

4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

PAGE 3 OF 4

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-218-20
CLIENT WSDOT PROJECT LOCATION _Renton, WA
© w A SPTNVALUE A
& | > S 20 40 60 80
E_ElTo Gal o4 PL MC LL TESTS
<ELZO SOIL & ROCK DESCRIPTION >g| YWs —e— AND
o a % 3 8 @x % = 20 40 60 80 REMARKS
w u prs I FINES CONTENT (%) O
20 40 60 80
7 SILT, very dense, olive brown, moist, non plastic, homogenous, [Qgl] AR A A
195 (ML) (continued) :
I 1 (N N FUUUOF SO SOONNS SO 5
100 W SPT-11 L o : @ MC = 22%
. 2 : LL = 33
_ O U SO ST U PL=25
Fines = 98%
190 :
sl o
Becomes bluish gray 100 SP1Té12
i 29 :
i N FOSPRUY FSPNS PSR OO S
185 :
sl e .
Lean CLAY, hard, dark gray, moist, [Qgl] (CL) 100 SPT-13 o MC = 25%
s P : LL =36
177/ N\ B SOUOOON UL SOPOOOI AL SPPPON PL=23
Fines = 95%
180
e 7 L b —
Dropstones 100 SP4T‘;1 Z
i 50 :
175
T Sity SAND with gravel, very ense, reddish brown, moist, [Gpf] (GP) | 100 | g SP1-15 @i MC = 8%
| g : Fines = 15%

(Continued Next Page)
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4020 Lake Washington Blvd Suite 200
Kirkland, WA 98033

PAGE 4 OF 4

PROJECT NAME _1-405 Renton to Bellevue Widening PROJECT NUMBER _20316 BORING NUMBER _W-218-20
CLIENT _WSDOT PROJECT LOCATION _Renton, WA
° w A SPTNVALUE A
& Lo > | Fx 20 40 60 80
E_ETo el oo PL  MC LL TESTS
<>’: = & &0 SOIL & ROCK DESCRIPTION >0 as AND
o a % | 9 x = 20 40 60 80 REMARKS
m w g O FINES CONTENT (%) O
20 40 60 80
'] Silty SAND with gravel, very dense, reddish brown, moist, [Qpf] (SP) T U Hard driling &t 65
(continued) feet with soil change
B Hard drilling at 67.5
...................................... feet
170
Sllt Content increases 100 SP4'.|'0-1 3 SRR SRR S
i 50 : Lo
165
ST Sty GRAVEL with sand,very dense. mioist IGpfl GW) ~ —~ 100 PTSPTy7| @ e NIC = 6%
| o C>o 50/2 : Fines = 25%
Py
o 8 (
= o )0
DS
o1
B o C)" : : : ;
_)C A D T Veryharddrillingat
160 L {J ¢ 80 feet when drilling
Ll deeper to cover
)C o : auger in the road
B el : with steel plate
80 : p
_3060 - R ECCTIIS SPNIT
a |D 100/1" :
o1 |
g
ol

Bottom of borehole at 81.5 feet.




% WSDOT
7 Boring and Test Pit Legend

Sampler Symbols

Soil Density Modifiers

Page 1 of 2

Standard Penetration Test Gravel, Sand & Non-plastic Silt Elastic Silts and Clay
Non-Standard Sized SPT i SPT i
Penotration Test Blows/ft Density Blows/ft Consistency
0-4 Very Loose 0-1 Very Soft
Shelby Tube 5-10 | Loose 2-4 Soft
P Piston Sample 11-24 Medium Dense 5-8 Medium Stiff
25-50 Dense 9-15 Stiff
. Washington Undisturbed > 50 Very Dense 16 - 30 Very Stiff
31-60 Hard
m Vane Shear Test (REF) Refusal > 60 Very Hard
Core ;
Angularity
4 | Becker Hammer - -
Angular Coarse particles have sharp edges and relatively
B Bag Sample plane sides with unpolished surfaces.
Subangular Coarse grained particles are similar to angular
but have rounded edges.
Well Symbols Subrounded Coarse grained particles have nearly plane sides
Cement Surf Seal : but have well rounded corners and edges.
eme urtace >ea Rounded Coarse grained particles have smoothly curved
Piezometer Pipe in sides and no edges.
Granular Bentonite Seal
Piezometer Pipe in Sand Soil Moisture Modifiers
Well Screen in Sand Dry_ Absence of mqigture; dusty, dry to touch
Moist Damp but no visible water
Granular Bentonite Seal Wet Visible free water
Inclinometer Casing or PVC Pipe £
in Cement Bentonite Grout Soil Structure
o Sand Stratified Alternating layers of varying material or color at
QZYE least 6 mm thick; note thickness and inclination.
Vibe Wire in Grout Laminated Alternating layers of varying material or color less
%% ) than 6 mm thick; note thickness and inclination.
Miscellaneous, noted on boring log Fissured Breaks along definite planes of fracture with little
resistance to fracturing.
. Slickensided Fracture planes appear polished or glossy,
Laboratory TeStmg COdeS sometimeps striatezP P ? Y
AL | Atterberg Limits o Blocky Cohesive soil that can be broken down into smaller
CB Conso:!gated IZ_)rralned Triaxial angular lumps which resist further breakdown.
c Consolidation Test Disrupted Soil structure is broken and mixed. Infers that
CSS| Cyclic Simple Shear - . ; .
CU | Consolidated Undrained Triaxial material has moved substantially - landslide debris.
DG | Degradation Homogeneous Same color and appearance throughout.
DN | Density
DS | Direct Shear Test
DSS| Direct Simple Shear A
GS | Grain Size Distribution HCI Reaction
HT | Hydrometer Test No HCI Reaction No visible reaction.
JS | Jar Slake . . - -
LA | LA Abrasion - Weak HCI Reaction ~ Some reaction with bubbles forming slowly.
k/l%l kﬂoosiztapel%rgﬂ?gnt Strong HCI Reaction  Violent reaction with bubbles forming immediately.
pH | pH of Soil
PT | Point Load Compressive Test i i i
RES| Rogstive Degree of Vesicularity of Pyroclastic Rocks
RM | Resilient Modulus Slightly Vesicular 5 to 10 percent of total
SCS; ggresclzioﬁrlalcﬁér\}%yShear Test . Moderately Vesicular 10 to 25 percent of total
SL | Slake Test Highly Vesicular 25 to 50 percent of total
UC | Unconfined Compression Test .
UU | Unconsolidated Undrained Triaxial Scoriaceous Greater than 50 percent of total
HC | Hydraulic Conductivity




@ \WSDOT

Boring and Test Pit Legend

Page 2 of 2
Grain Size
Fine Grained <0.04in Few crystal boundaries/grains are distinguishable in the field or with hand lens.
Medium Grained 0.04t00.2in Most crystal boundaries/grains are distinguishable with the aid of a hand lens.
Coarse Grained >0.2in Most crystal boundaries/grains are distinguishable with the naked eye.

Weathered State

Term Description Grade
Fresh No visible sign of rock material weathering; perhaps slight discoloration in major |
discontinuity surfaces.
Slightly Discoloration indicates weathering of rock material and discontinuity surfaces. All the rock material 1
Weathered | may be discolored by weathering and may be somewhat weaker externally than its fresh condition.
Moderately | Less than half of the rock material is decomposed and/or disintegrated to soil. Fresh or discolored i
Weathered | rock is present either as a continuous framework or as core stones.
Highly More than half of the rock material is decomposed and/or disintegrated to soil. Fresh or discolored
Weathered | rock is present either as discontinuous framework or as core stone. v
Completely | All rock material is decomposed and/or disintegrated to soil. The original mass structure is
Weathered | still largely intact. \
Residual All rock material is converted to soil. The mass structure and material fabric is destroyed. There is a
Soil large change in volume, but the soil has not been significantly transported. Vi
Relative Rock Strength
Grade | Description Field Identification Uniaxial Compressive
Strength approx
R1 Very Specimen crumbles under sharp blow from point of geological hammer, 0.15 to 3.6 ksi
Weak and can be cut with a pocket knife.
R2 Moderately Shallow cuts or scrapes can be made in a specimen with a pocket knife. 3.6 to 7.3 ksi
Weak Geological hammer point indents deeply with firm blow.
R3 Moderately Specimen cannot be scraped or cut with a pocket knife, shallow indentation 7.3to 15 ksi
Strong can be made under firm blows from a hammer.
R4 Strong Specimen breaks with one firm blow from the hammer end of a geological 15 to 29 ksi
hammer.
R5 S\t/r(ca)rrilg Specimen requires many blows of a geological hammer to break intact sample. Greater than 29 ksi
Discontinuities
Spacing Condition
Very Widely Greater than 10 ft Excellent | Very rough surfaces, no separation, hard discontinuity wall
Widely 3ftto 10 ft Good Slightly rough surfaces, separation less than 0.05 in, hard
Moderately 1ftto 3 ft discontinuity wall
Closely 2inches to 12 inches Fair Slight_ly rough _surfaces, separation greater than 0.05 in,
soft discontinuity wall.
Very Closely Less than 2 inches
5 Poor Slickensided surfaces, or soft gouge less than 0.2 in thick, or open
RQD (%) discontinuities 0.05 to 0.2 in.
100(length of core in pieces > 100mm) Very Poor | Soft gouge greater than 0.2 in thick, or open discontinuities
Length of core run greater than 0.2 in.

Fracture Frequency (FF) is the average number of fractures
per 1 ft of core. This does not include mechanical breaks
caused by drilling or handling.

Datum:

NAD 83/91 HARN = North American Datum of 1983/1991
High Accuracy Reference Network

NAVD88 = North American Vertical Datum of 1988

SPN (ft) = State Plane North (ft)
SPS (ft) = State Plane South (ft)




@ WSDOT

LOG OF TEST BORING

Start Card _SE-61806 / AE-42502

ENTERPRISE BORING LOG XL-5467 (OLD XL-4653) 405 RENTON TO BELLEVUE ETL - ENVIRO AND TRAFF.GPJ ENTERPRISE DATA TEMPLATE.GDT 5/11/18

HOLE No. _R2B-10-17
JobNo XL-4653 SR __405 Elevation _210.2 ft
Sheet 1 of 2
Project_|-405 Renton to Bellevue - ETL - Envir & Traff Driler _Henderson, Danny  Lic#_ 2742
Component _Fill Wall 05.85L Inspector _Harvey, Thomas #2599
Start April 12, 2017 Completion April 12, 2017 well 1Dz N/A Equipment _CME 45C (9A4-7)
Station SB405 5617+28.003 Offset 54.4 feet left I;?‘Iéehzisa; 4 Pt E“;;é?;}fy' 88.4%
Northing _189137.226 Easting _1303059.157 Collected by Region Survey Crew Method _Casing Advancer
Lat _47.5103052 Long _ -122.1984486 Datum NAD 83/91 HARN, NAVD88, SPN (it)  Drill Fluid_Bentonite
R = @ SI.DT Efficiency el s ~ 5 _
= = o @ Field SPT (N) Blows/6" | &| 2 E " § c
%_ ';9;; ‘5 Moisture Content ar(gl)or %_ %. 2 ﬁ %”: Description of Material e g
8 uij & RQD RQD g § é F g ‘_C”
20 40 60 80 S
[ T T T I T T
210.0 | | | |
i | | | | |
L | | | |
| | | |
i | | | | L
- | | | |
| | | |
E | | | | L
B | | | |
| | . | |
B : : : : 26 D-1 Silty SAND, very dense, brown, moist, homogeneous.
| | | | 27 HCI not tested.
5— | | | | 24 Recovered: 1.0 ft Retained: 1.0 ft —
—205.0 | | | | (51)
i | | | | L
- | | | |
| | | |
- <o | | | L
B | | | | 4 D-2 MC SM, MC=19%, LL=19
| | | | 8 GS Silty SAND with organics, medium dense, grayish brown,
- | | | | 8 AL moist, stratified. HCI not tested. -
B | | | | (16) Recovered: 1.5 ft Retained: 1.5 ft
| | | |
T M : : : : 4 D-3 Silty SAND, medium dense, gray, moist, homogeneous. i
: | | | | 5 HCI not tested.
10— o | | | | 7 Recovered: 1.5 ft Retained: 1.5 ft —
—200.0 |- - | | | | (12)
i | | | |
- | | | |
| | | |
E ’ | | | | L
B ¢ | * | | | 2 D-4 MC MC=33%, LOI=7.2%
I I I I 3 Lol Sandy SILT with organics, loose, gray, moist,
7 | | | | 5 homogeneous. HCI not tested. -
i I I I I ®) Recovered: 1.0 ft Retained: 1.0 ft
| | |
r * l l | 4 D-5 Silty SAND with gravel, sub-rounded, medium dense,
. ; : : : : 6 brown, moist, homogeneous. HCI not tested.
15— . | | | | 15 Recovered: 1.0 ft Retained: 1.0 ft —
—195.0 |-/ (21)
. | | | |
- | | | | L
r | | | |
| | | |
b | | | | -
i | | | |
| | | |
T | | | | r
| | | |
| | | * | | N
o | | | | 20 D-6 Silty SAND with gravel, sub-rounded, dense, brown,
l l l l 24 moist, homogeneous. HCI not tested.

20
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% WSDOT

LOG OF TEST BORING

HOLE No. _R2B-10-17

JobNo XL-4653 SR _ 405 Elevation _210.2 ft
Sheet __ 2 of _2
Project_|-405 Renton to Bellevue - ETL - Envir & Traff Driler _Henderson, Danny
. & SPT Efficiency ol . L
e | €|, @ Field SPT (N) BN | 2 S " ‘§ |5
£ -% 5 gk Moisture Content and/or |2 2 2 E @ Description of Material 2 S
B ERN RQD RD | E| & 5 = 5| 2
| FF Sl ~= 5 £
20 40 60 80
— 190 i i i i 24 Recovered: 1.0 ft Retained: 1.0 ft
I N “8)
T I I I I
I I I I
i I I I I
- I I I I
I I I I
J | | I I
5 I I I I
| I I I
- 'It : : : 16 D-7 MC MC=18%
I I I I 18 GS Silty SAND, dense, brown, moist, homogeneous. HCI not
25— I I I I 17 tested. —
185 | | | | (35) Recovered: 1.5 ft Retained: 1.5 ft
i I I I I
L | | I I
I I I I
J I I I I
- I I I I
I I I I
e I I I I
r I I I I
I I I I
- : : : : 15 D-8 Silty SAND, dense, brown, moist, stratified. HCI not
| | | | 24 tested.
30— | | | | 26 Recovered: 1.5 ft Retained: 1.5 ft —
10 T — (50)
i I I I I
- I I I I
I I I I
J | | I I
5 I I I I
I I I I
E I I I I
i I I I I
I I I I
T B
| | | | The implied accuracy of the borehole location
35__175 | | | | information displayed on this boring log is typically B
| | | | sub-meter in (X,Y) when collected by the HQ Geotech
i I I | | Office and sub-centimeter in (X,Y,Z) when collected by
- I | | | the Region Survey Crew.
I I I I
e I I I I
i I I I I
| | | | End of test hole boring at 30.5 ft below ground elevation.
T | | | | This is a summary Log of Test Boring.
| | | | Soil/Rock descriptions are derived from visual field
i | | | | identifications and laboratory test data.
- : : : : Note: REF = SPT Refusal
I I I I
O 170 | | | |
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
l l l l

Bail/Recharge test:

Hole Diameter: 4 inches

Depth of boring during bail test: 30.5 ft.
Depth of casing during bail test: 24 ft.
Water depth before bailing: 12.7 ft.
Bailed bore hole water level to 20.1 ft.
Recharge after 5 minutes: 20.1 ft.
Recharge after 10 minutes: 20.3 ft.
Recharge after 15 minutes: 20.3 ft.
Recharge after 30 minutes: 20.4 ft.

45




@ WSDOT

LOG OF TEST BORING

Start Card _SE-61806 / AE-42502

ENTERPRISE BORING LOG XL-5467 (OLD XL-4653) 405 RENTON TO BELLEVUE ETL - ENVIRO AND TRAFF.GPJ ENTERPRISE DATA TEMPLATE.GDT 5/11/18

R2B-11-17
JobNo XL4B53 sz _405 Elevation _219.2 HOME e,
Sheet ___1 of 3
Project_|-405 Renton to Bellevue - ETL - Envir & Traff Driler _Peterson, Trevor Lic#_ 3008
Component Fill Wall 05.85L Inspector Harvey, Thomas #2599
Start April 13, 2017 Completion April 13, 2017 well 1Dz N/A Equipment _CME 45C (9A4-7)
Station _SB405 5617+34.677  Offset _35.6 feet left Hoe Dia_4 SPT Effny _88:4%
Northing _189144.191 Easting _1303075.854 Collected by Region Survey Crew Method _Casing Advancer
Lat_47.5103251 Long _-122.1983816 Datum NAD 83/91 HARN, NAVD88, SPN (ft)  Drill Fluid_Bentonite
= & SI.DT Efficiency el s ~ 5 _
€ = ° @ Field SPT (N) Blows/6" | | 2 S " 5| &
£ 2 15 dk Moisture Content N 1o/ 3 |8 3 Description of Material 2 §
9 g o and/or gl E S [ 3 3
3 3 Z1 rRQD RAD |&| & E 5| =
w 0| P = O]
20 40 60 80 FF
C T T T T
| | | |
i | | | | L
L | | | I
| | | |
i I I I I L
- | | | |
| | | |
- | | | | -
B | | | |
| | | |
—215.0 : ’: : : 15 D-1 Silty SAND with gravel, sub-rounded, dense, brown,
| | | | 22 moist, homogeneous. HCI not tested.
5 | | | | 14 Recovered: 1.0 ft Retained: 1.0 ft —
[ I B (36)
i I I I | L
- | | | |
B
- ‘| | | | 5 D-2 MC SM, MC=15%, LL=18
| | | | 5 GS Silty SAND with gravel and organics, sub-rounded,
b I I | | 6 AL medium dense, gray, moist, homogeneous. HCI not -
i | | | | (1) tested.
. | | | | Recovered: 1.0 ft Retained: 1.0 ft
—210.0 : : : : 4 D-3 Silty SAND with gravel, sub-rounded, medium dense,
| | | | 5 gray, moist, homogeneous. HCI not tested.
10— | | | | 8 Recovered: 0.8 ft Retained: 0.8 ft —
Lo 13
i | | | | L
- | | | |
| | | |
R ¢ I I | ) . . B
- | | | | 7 D-4 Silty SAND with gravel and organics, sub-rounded,
| | | | 7 medium dense, gray, moist, homogeneous. HCI not
R | | | | 10 tested. -
i | | | | (an Recovered: 0.1 ft Retained: 0.1 ft
o | | | I
2050 | - o ® 14 D5 | MC | MC=32%, LOI=7.3%
= | | | | 10 LOI Silty SAND with gravel and organics, sub-rounded,
15— : : : : 5 medium dense, dark gray, moist, homogeneous. HCl not
I Lo (15) tested.
| | | | | Recovered: 1.0 ft Retained: 1.0 ft |
B | | | |
| | | |
R | | | | -
i | | | |
| | | |
T | | | | B
| | | |
i . * | | |
—200.0| .~ | | | 12 D-6 SILT, medium dense, light brown, moist, homogeneous.
g l l l l 10 HCI not tested.

20
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>

WSDOT

LOG OF TEST BORING

HOLE No. _R2B-11-17
JobNo XL-4653 SR __405 Elevation _219.2 ft
Sheet __ 2 of _3
Project_|-405 Renton to Bellevue - ETL - Envir & Traff Driller _Peterson, Trevor
_ @ SPT Efficiency ol . .
e = ° @ Field SPT (N) B'O(",‘\’f)’s 52 § " *§ g
£ -% 5 Moisture Content andior | 2 2 2 E 2 Description of Material 2 S
8 s | * RQD ROD £ & 2 " e 2
i} n|P = O
20 40 60 80
B i i i i 8 Recovered: 1.0 ft Retained: 1.0 ft
I I R (18)
T | | | |
| | | |
i | | | |
- | | | |
| | | |
i | | | |
r | | | |
| | | |
g5 MR 6 D7 | MC | ML MC=31%, PI=3
| | | | 8 GS SILT, medium dense, brown, moist, homogeneous. HCI
25— I I I I 10 AL not tested. —
B I I I I (18) Recovered: 1.5 ft Retained: 1.5 ft
i | | | |
L | | | |
| | | |
i | | | |
- | | | |
| | | |
- | | | |
B | | | |
| | | |
—190 : : : : >>¢ 50/4" x D-8 Clayey SAND with gravel, sub-angular, very dense,
| | | | (REF) brown, moist, homogeneous. HCI not tested.
30— | | | | Recovered: 0.3 ft Retained: 0.3 ft —
| | | |
i | | | |
- | | | |
| | | |
i | | | |
B | | | |
| | | |
- | | | |
i | | | |
L l ! ! ! >>@
185 T 27 D9 | MC | SC,MC=11%, PI=9
| | | | 50/6" GS Clayey SAND with gravel, sub-rounded, very dense,
35— | | | | (REF) AL brown, moist, homogeneous. HCI not tested. —
| | | | Recovered: 1.0 ft Retained: 1.0 ft
i | | | |
- | | | |
| | | |
g | | | |
B | | | |
| | | |
1 | | | |
| | | |
| | | | | S>é
— 180 | | | | 50/6" x D-10 Clayey SAND with gravel, sub-rounded, very dense,
| | | | (REF) brown, moist, homogeneous. HCI not tested.
40— : : : : Recovered: 0.6 ft Retained: 0.6 ft —
| | | |
i | | | |
B | | | |
| | | |
- | | | |
i | | | |
| | | |
1 | | | |
| | | |
i | | + |
175 | | | 27 D-11 Clayey SAND with gravel, sub-angular, very dense,
l l l l 30 brown, moist, homogeneous. HCI not tested.

45
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%

WSDOT

LOG OF TEST BORING

R2B-11-17
JobNo XL-4653 SR _ 405 Elevation _219.2 ft HOLE R
Sheet __ 3 of _3
Project_|-405 Renton to Bellevue - ETL - Envir & Traff Driler _ Peterson, Trevor
. & SPT Efficiency ol . L
S = R @ Field SPT (N) B'O(",‘\’f)’s g3 Y 2| 5
£ 2 5 gk Moisture Content andior (2|2 3| 8 3 Description of Material § §
g g & RQD |E|E S|~ * 3| %
8 8 7} rQD FF &8 E 5| =
20 40 60 80
L i i i i 30 Recovered: 0.8 ft Retained: 0.8 ft
I N (60)
T I I I I
I I I I
i I I I I
- I I I I
I I I I
J | I I I
r I I I I
S I I I I
—170 [/ //’ : : : : >>¢ 502" = D12 No Recovery.
50— I I I I —
I I I I
i I I I I
L | I I I
I I I I
J I I I I
r I I I I
I I I I
e I I I I
i I I I I
I I I I
- 165 oL 2 D13 | MC | MC=17%
| | | | 34 GS Silty SAND with organics, sub-rounded, very dense,
55— | | | | 38 brown, moist, homogeneous. HCI not tested. —
I I I I (72) Recovered: 1.5 ft Retained: 1.5 ft
I I I I
- I I I I
I I I I
J | I I I
r I I I I
I I I I
E I I I I
i I I I I
I I . I I
— 160 : : : : 23 D-14 Silty SAND, sub-angular, dense, brown, moist,
| | | | 23 homogeneous. HCI not tested.
60— | | | | 26 Recovered: 1.5 ft Retained: 1.5 ft —
y y y y (49)
i i i i The implied accuracy of the borehole location
T I I I I information displayed on this boring log is typically
I I I I sub-meter in (X,Y) when collected by the HQ Geotech
i | | | | Office and sub-centimeter in (X,Y,Z) when collected by
B | | | | the Region Survey Crew.
I I I I
- : : : : End of test hole boring at 60.5 ft below ground elevation.
| | | | This is a summary Log of Test Boring.
1 | | | | Soil/Rock descriptions are derived from visual field
155 I I I I identifications and laboratory test data.
65 I I I I Note: REF = SPT Refusal
: : : : Bail/Recharge test:
i I I I I Hole Diameter: 4 inches
- | | | | Depth of boring during bail test: 60.5 ft.
| | | | Depth of casing during bail test: 54 ft.
- | | | | Water depth before bailing: 6 ft.
B | | | | Bailed bore hole water level to 37.3 ft.
| | | | Recharge after 5 minutes: 29.5 ft.
1 | | | | Recharge after 10 minutes: 27.1 ft.
| | | | Recharge after 15 minutes: 25.7 ft.
i | | | | Recharge after 20 minutes: 23.5 ft.
— 150 | | | | Recharge after 25 minutes: 21.8 ft.
l l l l Recharge after 30 minutes: 21.8 ft.
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LOG OF TEST BORING

S.H. S.

R.

SECTION _Sunset Blvg. to Factoria 1/c

405

Hole No. __1 Sub Sectlon _

Station

Type of Boring Wash Boring basmg 3" x 14 0'

377+44

WASH 4 STATE DEPARTMENT OF TRANSPORTATION

Job No. _C-2637
: ' _ Cont. Sec. _1744
Offset __109,0'Lt. € Ground El. _197.0'

. W.T. El. See bottom of log.

¢

Inspector : Date Januaxg 18, 1235 Sheet 1 of 2
DEPTH P2h°F"¥s_ PROFILE Tus:é“ 535,, L . -DESCRIPTION OF MATERIAL
t . L Brown, fine to coarse, sandy GRAVEL.
1 STD| Very loose, brown, moist, gravelly, silty, fine to coarse SAND. (Fill)
4 * 2 PEN| Retained 0.7'.
2 1
2 ¥
3 A ST?J Loose, brown, moist, gravelly. silty. fine to coarse SAND (Fill)
Q 4 " PE Retained 0.6'.
- Y [+ 2
5 ‘ 4 Y
1 & STD| Very loose, brown, moist, gravelly, very silty, fine to coarse SAND
3 % PE with pieces of embers. Retained 0.5'.
1 3 .
A N -
2 A STD| very loose, brown, moist, gravelly, very silty, fine to coarse SAND.
3 l PENF Retained 1.2'.
4 1 4
3
10 ;
16 f STD| Loose, brown, moist, silty, gravelly, fine to coarse SAND. Retained 1..
16 5 PEN
5 ‘ 5
4
2 -STD}
o 4 PE Loose, brown, wet, very.silty, fine SAND. Retained 0.7'.
5 6
6
15 &
118/11" 18 PEN
7 100/'y 7 | Very dense, brown, moist, silty, graveﬁy, fine to coarse SAND,
5" - Retained 1.1'.
45 b sT :
97 * PE Very dense, brown, moist, silty, gravelly, fine to coarse SAND.
197/9" 100/ 7 8 Retained 0.8'.
3" .
20
Original to Materials Engineer
Copy to Bridge Engineer
: DOT :gc:";é’;';g‘;;s Copy to District Administrator

Copy to




1

HWY Form 351-003-a {H. F. 26.66-A).
Revised 5-67.

Hole No 1 Sub Section...... Sunset Blvd. to Factoria I/C Sheet .. .. 2 of .2 .
DEPTH pLows PROFILE TOAARES " DESGRIPTION' OF MATERIAL
100/ ¥ ST Very dense, brown, mmst, silty, gravelly, fine to coarse SAND
100/3" I PENl : Retained 3".
9
100/ Very dense, brown. moist, sllty, gravelly, fine to coarse SAND.,
25 l100/4"| ¥ lav Plﬁgﬂm 4",

ﬁnd of boring_}S 0' below ground elevation. Water elevation

undetermuied
Note- Did not encounter any loss of luid until the depth of

-24.0’, then only slight loss.

Note: Installed plezometer to a depth of -25.0". Overall length of
piezometer 27.5'. Piezometer slotted at -10.0' to -12.0' and -22.0"

to -24.0'.
Note: Samples appearaidisturbed to -13.0'.

January 18, 1985 with 14.0' of casing; filled casing with water, no

drop by January 21, 1985

This is a summary Log of Test Boring. Soil/Rock descriptions are
derived from visual field identifications and laboratory test data.

}




Piezometer __Reddings

CONTRACT Ho. C b3 Total Length of Pipe 21.5"
! Elevation Top of Pipe lag.g
Hole No. | _ Ground Elevation . L 4 ‘l,o‘
Station '5771-4'-{. offset [0q.plLt Length of Pipe above Ground z.5'
DATE Water R_eading | Water Elevation Remarks
\-24. 3% - W\S‘\ ‘ '\S.’Jc.o\ T iTipl ﬁ‘ean;na,
. \-30-9%% 1zt 1315 PiPe_ skoTTed (0.0 10|
=\ - %S B WAAR lil..-_‘;‘ o lizet Ann_zZ.e T _
z -19 %% q.% 1.7 240" _
Z-2-$3% io. o _189,5! S

REITRESS. =S S Y, . =



LOG OF TEST BORING

SECTION

'WASHINGTL.. oT‘E DEPARTMENT OF TRANSPORTATION

Sunset Blvd. to Facfc;ria 1/C

S.H. S.R.__405 Job No. _C-2637
Hole No. 2 Sub Section Cont. Sec. 1744
Station _376+35 ‘Offset 115.0' Lt. Ground EI.182.5'
Type of Boring Wash Boring ansihg - 3" x 20.0 . W.T. El. See bottom of log.
Inspector Date January 23, 1985 Sheet 1 of .2
DEPTH ,,Z;°,‘!‘4? PROFILE ws;‘.?‘ 55511 " DESCRIPTION OF MATERIAL
: ' - ﬁUCK .
4_ 4 STD Uoose, browh, inoist, s1lty, gravelly, fine to coarse SAND with wood
_ 4 PE fragments and cobbles. Retained 0.6'.
{ .
Medium dense, brown. m01st, gravelly, very silty, fine to coarse SAND.
L Retained 1.0,
| W4
5 . _ _ '
Medium dense, brown, molst, gravelly, sility, fine to coarse SAND
R with wood fragments. Retained 1.0'.
1J
Medium dense, brown, moist, gravele, silty, fine to coarse SAND.
20 Retained 1.1'.
10
Loose, brown, moist, gravelly, silty, fine to coarse SAND..
Retained 0.2'.
8~ |
5 Y
5 - STDj .
4 PE No recovery.
7 3 6
3
15 _
6 STD| Loose, brown, moist, gravelly, very silty, fine to coarse SAND.
q 3 PE Retained 1.0,
' 4 ‘ 7
4
v—-x_—_«6 STDj .
9 PEN Medium dense, brown, wet, gravelly, very silty, fine to coarse SAND
20 11 ‘8 with pieces of wood and roots,
9
20

FORM 351-003
DOT =wrevisep 12/79

Original to Materials Engineer
Copy to Bridge Engineer
Copy to District Administrator

Copy to




. '
4WY Forml 351-003-a ‘H. F. 26.66-A).

Revised 5-67.

Hole No....2

Sub Section.___Siinset Blvd. to Factoria 1/C Sheet .. 2__of 2
DEPTH BLOWS | PROFILE e, DESCRIFTION OF MATERIAL
5 ‘ STD, Loose, brown, mmst. gravelly, very silty, fine to coarse SAND
10 5 PEN| - Rétained 1.0'. .
T 5 9 ‘
s ¥
4 STD L
2 PEN Loose, brown, moist, gravelly, very silty, fine to coarse SAND,
7 5 10 Retained 2.0, .
——'———-5 .
23 -
17 Medium dense, brown, moist, gravelly. very silty, fine to coarse SAND.
1 8 2,0, :
e 10 11
9 .
8 STDl 31 . 18 . .
8 PEN| Medium dense, brown, wet, fine to medium sandy SILT. Retained 1.1'.
17 12
7
30 .
4 ST Medium dense, brown, wet, fine sandy SILT. Retained 1.2'.
bl 7 - 13
7
8 4 sTD _ '
10 PEN Medium dense, brown, wet, very silty, fine SAND. Retained 1.4',
21 11 14 ' . : :
11
35 -
9 * ST Medium dense, brown, mmst. gravelly, very silty. fine to coarse SAND.
16 8 PE Retained 1.5'. _—
8 + 15
9 -
Y _lo
_ 22 PE Very dense, brown, moist, silty, gravelly, fine to coarse SAND.
71 1 1149 16 Retained 1.0'.
54 ' '
40 _
End of boring 39.5' below ground elevation.
Note: January 29, 1985: With 20.0' of casing ground - water level was
23.0".below ground elevation.
This is a summary Log of Test Boring. Soil/Rock descriptions are
derived from visual field identifications and laboratory test data.




LOG OF TEST BORING

"SHINGTON 818[:. DEPARTMENT OF TRANSPORTATION

Sunsei:‘ Elvd. to Factorial/C -

S.H. S.R. 405 _ SECTION Job No. _C-2637
Hole No. 3 Sub Section’ S Cont. Sec. 1744
Station _377+50 Offéat __ 70.0'Lt. € Ground E1.212.4'
" Type of Boring Wash Boring Casing ___22.5"x 3" ~W.T. El. See bottom of log.
Inspector 1 Da'te ' Jangérv 30, 1?8‘5 Sheet 1 of -2
DEPTH ,:';PF"#? PROFILE T,,S:E'“',';gg_ ' .DESCRIPT|ON. OF MATERIAL
1 + STD Loose, brown, dry, slightly s1lty, gravelly, fine to coarse SAND with
1 PEN| cobbbles to 10". (Fill) Retained 0.6'.
—S l4 i
1 . . . -v-
1 ’ STD Very loose, brown, dry, slightly silty, gravelly, fine to coarse. SAND
. 1 PE with cobbles to 10", (Fill) Retained 0.4'.
7 2 2
5 L
STD|| Loose, brown, moist, slightly silty, gravelly, fine to coarse SAND with
2 - PE cobbles, (Fill) Retained 0.8'.
‘5 3 3
3
Medium dense, brown, }hoist, slighi:fy silty, gravelly, fine to coarse SA!
11 with cobbles. (Fill) Retained 0.6'.
10. - _ .
3 * STD Loose, brown, moist, slightly silty, gravelly, fine to coarse SAND.
2 PE Retained 0.4'.
—3 Y B ‘ 5
3 D
1 Note: Fxlled casing with water evening of January 30, 1985; no loss of
5 STD| _water noted morning of January 31, 1985.
5 PE Loose, brown, moist, silty, gravelly, fine to coarse SAND with trace
] 6 of organic., Retained 0.5'.
4
15 1
5 ’ 'STD} Loose, brown, moist, silty, gravelly, fine to coarse SAND,
P 3 PE Retained 0.3".
d 3 + 7
5 o
7 STD : _
5 PEN‘ Medium dense, brown, moist, silty, fine to coarse SAND. Retained 0.4'
11 .8 -
20 “ :

DOT

FORM 351-003
REVISED 12/79

Orlglnal to Materials Engineer
Copy to Bridge Engineer
Copy to District Administrator

Copy to




HWY Form 351-003-'(H. F. 26.66-A).

Revised 5-67.

Sub Section___§ uhse;-ﬁLv.d._t . Factoria 1/C

s

Hole No 3 Sheet 2 _of. 2
DEPTH prows PROFILE TOPMRLE. _ , DESCRIPTION OF MATERIAL . .
‘ 7 ’ STD Medium dense, bqun, moist, silty, fine to coarse SAND. Retained 0.2
10 19 | _PEN| - : ' ~
i t 10 ‘ -9 ) =,! - : :
! 14 Gray, wet, Llightly sandy, slightly gravelly SILT.
25 A sto) .
48 PENW Very dense; brown. moist. suty, gravelly, fine to coarse SAND
118 70 10 Retained 1171, . :
100/ Note Fllled casing wlth water evening of January 31 1985 water
25 bruaiy 1, 1985.
Very dense, brown, moist. silty, gravelly. fine to coarse SAND.
15 Retained 1.1,
94 11
Y 100
30

. Note: W'a‘_fte{'-bea:'rlng gravel from -7.5' to -11.5'. Experienced slight

loss of drilling fluid upper 11.0'.
Note: Drilled dry from -0.0' to -7.5'".

Washed bored hole from -7.5' to -27.0'
Note: Piezometer installed February 4, 1985.

Overall length of piezometer 18.0'. Piezometer in ground 15.0'.
Slotted from -14.0".to -12,0'.

Water elevation undetermined at this time.
Top 3.0' of piezometer sealed with bentonite.

This is a summary Log of Test Boring. Soil/Rock descriptions are
derived from visual field identifications and laboratory test data.




Piezometer Readings -

_Total Length of Pipe 18,

CONTRACT HNo. {-2637 -
Elevation Top of Pipe 2is. 4
Hole No., -3 Ground Elevation , zi2.4’
Station 577 +50 Offset 70.0'Li 4o | Length of Pipe above Ground 3.0
DATE Water Reading Water Elevatlon Remarks
2 - % - (qﬁ{ 10.0 . 205.4 I’-MT#\ \—GAA‘\CLC’-
__Z-=1a-141%S 9.0 zob.d | Ppe shoited 106" 1o
_Z-2%i- 198 | 4. b 4 | =izeo




FLATIRON LaNE % wood.

In Association with

Appendix B
Laboratory Test Results

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, 05.85L-A, and 05.85L-B; and
Embankment EMB: 1-405 SB MP 5.97 to 5.83



ATTERBERG
> LIMITS (¢
. - S (%) S
z = z 2
oK r | & S S & £
[ = a w = = o 1 20
< < o s [ E (S} = o w [oNTH
x> W S5 =z T S a 1) & L
() o (=) (@] [ - < w - < P4 w s [
29 =| F=| @ E O o < Z 2
g 58| 68| o8 25 i S o RE
za Pel gL =5 oo & LL PL Pl N N X <O SAMPLE DESCRIPTION
W-201-20,S-3 7.5 9.0 15.2 30 21 9 1.7 34.3 64.0 CL Light olive-brown, sandy lean CLAY
W-201-20,S-5 15.0 | 16.5 20.7 22.0 78.0 ML Light olive-brown, SILT with sand
W-201-20,S-6 200 | 215 257 37 24 13 1.2 98.8 CL Gray, lean CLAY
W-201-20,S-8 30.0 | 315 234 38 26 12 0.5 9.6 90.0 ML Grayish-brown, SILT
W-201-20,S-9 35.0 | 36.5 1.2 44.7 55.3 ML Light olive-brown, sandy SILT
W-201-20,S-11 450 | 46.5 12.6 38.1 61.9 ML Light olive-brown, sandy SILT
W-201-20,8-14 60.0 | 615 227 0.4 84.8 14.8 SM Dark olive-gray, silty SAND
W-203-20,S-1 25 4.0 2.8 56.5 38.5 5.0 GP-GM Olive-gray, poorly graded GRAVEL with silt and sand
W-203-20,S-2 5.0 6.5 5.7 36.7 44.6 18.8 SM Olive-brown, silty SAND with gravel
W-203-20,S-3 75 9.0 10.5 29.5 SM Olive-gray, silty SAND
W-203-20,S-4 10.0 | 115 12.2 241 SM Dark gray, silty SAND
W-203-20,S-5 15.0 | 16.5 11.9 229 SM Dark olive-gray, silty SAND
W-203-20,S-6 200 | 215 9.9 13.0 76.0 11.0 SW-SM Dark gray, well-graded SAND with silt
W-203-20,S-7 250 | 265 11.5 19 17 2 27.2 427 30.1 SM Olive-brown, silty SAND with gravel
W-207-20,S-2 5.0 6.5 10.8 13.9 49.0 37.2 SM Olive-brown, silty SAND
W-207-20,S-4 10.0 | 115 10.0 15.0 53.6 31.4 SM Olive-brown, silty SAND with gravel
W-207-20,S-5 15.0 | 165 17.0 28 20 8 16.1 33.8 50.1 CL Olive-brown, sandy lean CLAY with gravel
W-207-20,S-8 30.0 | 315 14.5 8.1 64.2 27.6 SM Olive-brown, silty SAND
W-208-20,S-1 25 4.0 9.8 8.6 74.4 17.0 SM Olive-brown, silty SAND
W-208-20,S-3 75 9.0 8.7 7.4 58.9 33.7 SM Grayish-brown, silty SAND
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.
2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.
" A I-405 Renton to Bellevue MATERIAL PROPERTIES
u ‘ Widening and Express Toll Lanes
. . PAGE: 2 of 4
Client Project No.: PS19203160
GEOSCIENCES INC. proJECT NO.._ 2019-015-21 T200FiGURE:

INDEX MATSUM 2 2019-015-21 T200.GPJ 9/3/20
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2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.

ATTERBERG
E LIMITS (%) >
S z S (]
oF - | & S 3 & 0
[ = a w = = o 1 20
< < o s [ E (S} = o w [oNTH
x> W S5 =z T S a 1) & L
O(_l) (=) (@] [ - < w - < P4 w s [
29 =| F=| @ E O o < Z 2
g 58| 68| o8 25 i S o RE
ﬁo Pel gL =5 oo & LL PL Pl N N X <O SAMPLE DESCRIPTION
W-208-20,S-5 15.0 | 16.5 8.9 0.9 58.6 40.6 SM Olive-brown, silty SAND
W-208-20,S-7 250 | 265 12.8 3.3 47.5 49.3 SM Olive-brown, silty SAND
W-208-20,S-8B 30.0 | 315 29.8 45 21 24 1.3 20.5 78.2 CL Gray, lean CLAY with sand
W-208-20,S-9 350 | 36.5 9.5 17 13 4 10.2 46.9 429 SC-SM Olive-brown, silty, clayey SAND
W-208-20,S-10 400 | 415 12.0 8.2 62.1 29.8 SM Olive-brown, silty SAND
W-214-20,S-1 25 4.0 10.1 1.6 39 17 22 7.2 45.5 47.3 SC Olive-brown, clayey SAND
W-214-20,S-2 5.0 6.5 31.2 0.6 9.7 89.7 ML Grayish-brown, SILT
W-214-20,S-4 10.0 | 115 11.4 34 24 10 47.5 38.0 14.5 GM Olive-brown, silty GRAVEL with sand
W-214-20,S-7 250 | 265 11.2 4.9 59.2 36.0 SM Light olive-brown, silty SAND
W-214-20,S-9 350 | 36.5 21.3 23 20 3 0.7 38.6 60.7 ML Light olive-brown, sandy SILT
W-215-20,S-1 25 4.0 9.6 35 66.7 29.8 SM Grayish-brown, silty SAND
W-215-20,S-3 75 9.0 14.9 0.4 76.4 23.2 SM Olive-brown, silty SAND
W-215-20,S-5B 16.0 | 16.5 18.8 NP NP NP 28.1 71.9 ML Light olive-brown, SILT with sand
W-215-20,S-7 250 | 265 17.9 775 225 SM Light olive-brown, silty SAND
W-217-20,S-1 25 4.0 8.4 4.7 50.3 45.0 SM Grayish-brown, silty SAND
W-217-20,S-3 7.5 8.8 8.8 36.8 SM Grayish-brown, silty SAND
W-217-20,S-5 15.0 16.0 11.8 40.3 SM Light brownish-gray, silty SAND
W-217-20,S-7 250 | 265 234 48 30 18 0.1 10.0 89.9 ML Gray, SILT
W-217-20,S-9 350 | 36.5 242 42 26 16 8.0 92.0 CL Gray, lean CLAY
W-217-20,S-10 40.0 | 41.0 15.4 56 28 28 8.5 18.9 72.5 CH Gray, fat CLAY with sand
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.
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GEOSCIENCES INC.

Widening and Express Toll Lanes
Client Project No.: PS19203160

1-405 Renton to Bellevue
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MATERIAL PROPERTIES

PAGE: 3 of 4
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ATTERBERG
bl LIMITS (%) >
S z S (]
oF - | & S 3 & 0
EE Eol2 | ¥ | or o d 52
x3 i = SZ =z Y > =) 0 > &
O(_l) (=) (@] [ - < w - < P4 w s [
29 =| F=| @ E O o < Z 2
g 58| 68| o8 25 i S o RE
za Pel gL =5 oo & LL PL Pl N N X <O SAMPLE DESCRIPTION
W-217-20,S-12 50.0 | 50.8 4.5 33.2 55.6 11.2 SW-SM Grayish-brown, well-graded SAND with silt and gravel
W-221-20,S-2 5.0 6.5 18.8 5.9 74.2 19.9 SM Dark yellowish-brown, silty SAND
W-221-20,S-3 7.5 9.0 13.0 23 15 8 6.6 48.8 44.6 SC Grayish-brown, clayey SAND
W-221-20,S-4 10.0 | 11.5 13.5 11.8 59.6 28.5 SM Olive-brown, silty SAND
W-221-20,S-5 15.0 | 16.5 23.6 50 28 22 7.2 17.6 75.2 CH Grayish-brown, fat CLAY with sand
W-221-20,S-7 250 | 265 31.2 41 25 16 55 94.5 CL Dark gray, lean CLAY
W-221-20,S-8 30.0 | 315 37.3 34 23 11 29 11.8 85.4 CL Dark gray, lean CLAY
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.
2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.
n A I-405 Renton to Bellevue MATERIAL PROPERTIES
u ‘ Widening and Express Toll Lanes
. . PAGE: 4 of 4
Client Project No.: PS19203160
GEOSCIENCES INC. proJECTNO:2019-015-21 T200ricuURe: 4
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ATTERBERG
> LIMITS (¢
. [ S (%) >
z = z 2
oK r | & S S & £
[ = a w = = o 1 20
< < o s [ E (S} = o w [oNTH
x> W S5 =z T S a 1) & L
() o (=) (@] [ - < w - < P4 w s [
29 =| F=| @ E O o < Z 2
g 58| 68| o8 25 i S o RE
za Pel gL =5 oo & LL PL Pl N N X <O SAMPLE DESCRIPTION
W-206-20,S-8 30.0 | 315 24.3 NP NP NP 19.1 80.9 ML Olive, SILT with sand
W-216-20,S-1 25 4.0 7.9 14.4 56.3 29.3 SM Light olive-brown, silty SAND
W-216-20,S-2 5.0 6.5 12.0 1.4 471 51.6 ML Olive-brown, sandy SILT
W-216-20,S-4 10.0 | 11.0 8.0 7.4 56.7 359 SM Light olive-brown, silty SAND
W-216-20,S-6 200 | 215 5.0 89.9 10.1 SP-SM Grayish-brown, poorly graded SAND with silt
W-218-20,S-1 25 4.0 2.8 38.9 52.0 9.1 SW-SM Grayish-brown, well-graded SAND with silt and gravel
W-218-20,S-3 7.5 9.0 15.5 9.1 57.9 33.0 SM Dark olive-brown, silty SAND
W-218-20,S-5 15.0 16.5 10.6 20.3 38.5 41.2 SM Light olive-brown, silty SAND with gravel
W-218-20,5-6 200 | 21.0 10.0 17 14 3 17.6 371 45.3 SM Dark grayish-brown, silty SAND with gravel
W-218-20,S-8 30.0 | 305 53 28.1 36.1 35.8 SM Grayish-brown, silty SAND with gravel
W-218-20,8-11 450 | 46.0 21.8 33 25 8 1.9 98.1 ML Olive-brown, SILT
W-218-20,S-13 55.0 | 56.0 24.8 36 23 13 1.1 3.9 95.0 CL Very dark gray, lean CLAY
W-218-20,5-15 65.0 | 65.5 8.0 34.2 50.7 151 SM Dark olive brown, silty SAND with gravel
W-218-20,8-17 750 | 75.2 6.4 38.1 37.3 246 GM Dark grayish-brown, silty GRAVEL with sand
W-219-20,S-1 25 4.0 6.1 14.0 46.1 39.9 SM Light olive-brown, silty SAND
W-219-20,S-3 75 9.0 7.8 6.2 51.7 421 SM Olive-brown, silty SAND
W-219-20,S-5 15.0 | 16.5 75 1.1 52.8 46.1 SM Olive-brown, silty SAND
W-219-20,S-7 250 | 265 5.0 4.8 58.0 37.2 SM Dark gray, siltty SAND
W-219-20,S-9 35.0 | 36.5 6.8 171 45.1 37.8 SM Dark gray, silty SAND with gravel
W-220-20,S-1 25 4.0 3.9 25 84.8 12.7 SM Light yellowish-brown, silty SAND
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.
2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.
" A I-405 Renton to Bellevue MATERIAL PROPERTIES
u ‘ Widening and Express Toll Lanes
. . PAGE: 2 of 4
Client Project No.: PS19203160
GEOSCIENCES INC. proJECT NO.._ 2019-015-21 T200FiGURE:
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GRAVEL SAND
, - , SILT CLAY
Coarse | Fine Coarse | Medium | Fine
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
® W-207-20 S-2 5.0-6.5 | (SM) Olive-brown, silty SAND 11 13.9 | 49.0 37.2
| W-207-20 S-4 10.0 - 11.5 | (SM) Olive-brown, silty SAND with gravel 10 15.0 | 53.6 314
A W-207-20 S-5 15.0 - 16.5 | (CL) Olive-brown, sandy lean CLAY with gravel 17 28 20 8 16.1 | 33.8 50.1
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GRAVEL SAND
, - , SILT CLAY
Coarse | Fine Coarse | Medium | Fine
e U.S. STANDARD SIEVE SIZES
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
® | w=20720 s-8 30.0 - 31.5 | (SM) Olive-brown, silty SAND 14 8.1 | 64.2 276
B | W-20820 S-1 2.5-4.0 | (SM) Olive-brown, silty SAND 10 86 |74.4 17.0
A W-208-20 S-3 7.5-9.0 | (SM) Grayish-brown, silty SAND 9 7.4 | 58.9 33.7
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GRAVEL SAND
, - , SILT CLAY
Coarse | Fine Coarse | Medium | Fine
e U.S. STANDARD SIEVE SIZES
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
® | w21520 S5B | 16.0-16.5 | (ML) Light olive-brown, SILT with sand 19 | NP | NP | NP 281 (67.7| 4.3
B | wW21520 s7 25.0 - 26.5 | (SM) Light olive-brown, silty SAND 18 775 225
A W-217-20 S-1 2.5-4.0 | (SM) Grayish-brown, silty SAND 8 4.7 | 50.3 45.0
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GRAVEL SAND
, - , SILT CLAY
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
o W-217-20 S-3 7.5-8.8 | (SM) Grayish-brown, silty SAND 9 36.8
| W-217-20 S-5 15.0 - 16.0 | (SM) Light brownish-gray, silty SAND 12 40.3
A | w-217-20 S-7 25.0-26.5 | (ML) Gray, SILT 23 | 48 | 30 | 18 | 0.1 | 10.0|75.1|148
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GRAVEL SAND SILT CLAY
Coarse | Fine Coarse | Medium | Fine
e U.S. STANDARD SIEVE SIZES
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
® | w21720 S-9 35.0-36.5 | (CL) Gray, lean CLAY 24 | 42 | 26 | 16 8.0 |83.1] 8.9
B | w21720 S-10 | 40.0-41.0 | (CH) Gray, fat CLAY with sand 15 | 56 | 28 | 28 | 85 |18.9[42.2(30.3
A W-217-20 S-12 50.0 - 50.8 | (SW-SM) Grayish-brown, well-graded SAND with silt and gravel 5 33.2 | 55.6 11.2
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
o W-216-20 S-6 20.0 - 21.5 | (SP-SM) Grayish-brown, poorly graded SAND with silt 5 89.9 10.1
| W-218-20 S-1 2.5-4.0 | (SW-SM) Grayish-brown, well-graded SAND with silt and gravel 3 38.9 | 52.0 9.1
A W-218-20 S-3 7.5-9.0 | (SM) Dark olive-brown, silty SAND 15 9.1 | 579 33.0
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GRAVEL SAND
, , , SILT CLAY
Coarse | Fine Coarse | Medium | Fine
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
o W-218-20 S-5 15.0 - 16.5 | (SM) Light olive-brown, silty SAND with gravel 11 20.3 | 38.5 41.2
| W-218-20 S-6 20.0 - 21.0 | (SM) Dark grayish-brown, silty SAND with gravel 10 17 14 3 17.6 | 37.1 (404 | 4.9
A W-218-20 S-8 30.0 - 30.5 | (SM) Grayish-brown, silty SAND with gravel 5 28.1 | 361 35.8
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GRAVEL SAND SILT CLAY
Coarse | Fine Coarse | Medium | Fine
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GRAIN SIZE IN MILLIMETERS
SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs
® | w-21820 S11 | 45.0-46.0 | (ML) Olive-brown, SILT 22 | 33 | 25 | 8 1.9 |88.3] 9.9
| W-218-20 S-13 55.0 - 56.0 | (CL) Very dark gray, lean CLAY 25 36 23 13 1.1 3.9 |91.0| 4.0
A W-218-20 S-15 65.0 - 65.5 | (SM) Dark olive brown, silty SAND with gravel 8 34.2 | 50.7 15.1

PARTICLE-SIZE ANALYSIS

I-405 Renton to Bellevue OF SOILS
Widening and Express Toll Lanes METHOD ASTM D6913
Client Project No.: PS19203160
GEOSCIENCES INC. proJECTNO..  2019-015-21 T200FcURe: 15

HWAGRSZ SILT-CLAY PERCENTAGE 2019-015-21 T200.GPJ 10/13/20



r N
GRAVEL SAND
, - , SILT CLAY
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GRAIN SIZE IN MILLIMETERS

SYMBOL SAMPLE DEPTH ( ft.) ASTM SOIL CLASSIFICATION %MC| LL | PL | PI Grf;’e' S?}L‘d So'lt Cji‘y F‘{,‘fs

o W-218-20 S-17 75.0 - 75.2 | (GM) Dark grayish-brown, silty GRAVEL with sand 6 38.1 | 37.3 24.6

B | w-21920 S-1 2.5-4.0 | (SM) Light olive-brown, silty SAND 6 14.0 | 46.1 39.9

A | W219-20 S3 7.5-9.0 | (SM) Olive-brown, silty SAND 8 62 | 517 42.1
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PLASTICITY INDEX (PI)

p

SYMBOL SAMPLE DEPTH (ft) CLASSIFICATION % MC| LL PL Pl | % Fines
o W-201-20 S-8 30.0 - 31.5 | (ML) Grayish-brown, SILT 23 38 26 12 90.0
| W-203-20 S-7 25.0 - 26.5 | (SM) Olive-brown, silty SAND with gravel 11 19 17 2 30.1
A W-207-20 S-5 15.0 - 16.5 | (CL) Olive-brown, sandy lean CLAY with gravel 17 28 20 8 50.1
O W-208-20 S-8B 30.0-31.5 | (CL) Gray, lean CLAY with sand 30 45 21 24 78.2
O W-208-20 S-9 35.0 - 36.5 | (SC-SM) Olive-brown, silty, clayey SAND 10 17 13 4 42.9
A W-214-20 S-1 25-4.0 (SC) Olive-brown, clayey SAND 10 39 17 22 47.3
/
[-405 Renton to Bellevue LIQUID LIMIT, PLASTIC LIMIT AND
Widening and Express Toll Lanes PLASTICITY INDEX OF SOILS
Client Project No.: PS19203160 METHOD ASTM D4318
GEOSCIENCES INC. proJECT N0 2019-015-21 T200ricure: 29
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LIQUID LIMIT (LL)
SYMBOL SAMPLE DEPTH (ft) CLASSIFICATION % MC| LL PL Pl | % Fines
® W-214-20 S-4 10.0 - 11.5 | (GM) Olive-brown, silty GRAVEL with sand 1 34 24 10 14.5
| W-214-20 S-9 35.0-36.5 | (ML) Light olive-brown, sandy SILT 21 23 20 3 60.7
A W-215-20 S-5B 16.0 - 16.5 | (ML) Light olive-brown, SILT with sand 19 NP NP NP 71.9
O W-217-20 S-7 25.0-26.5 | (ML) Gray, SILT 23 48 30 18 89.9
O W-217-20 S-9 35.0-36.5 | (CL) Gray, lean CLAY 24 42 26 16 92.0
A W-217-20 S-10 40.0-41.0 | (CH) Gray, fat CLAY with sand 15 56 28 28 72.5
Y,
[-405 Renton to Bellevue LIQUID LIMIT, PLASTIC LIMIT AND
Widening and Express Toll Lanes PLASTICITY INDEX OF SOILS
Client Project No.: PS19203160 METHOD ASTM D4318
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LIQUID LIMIT (LL)

SYMBOL SAMPLE DEPTH (ft) CLASSIFICATION % MC| LL PL Pl | % Fines
® W-205-20 S-5 15.0-16.5 | (CL) Very dark gray, lean CLAY 19 | 32 | 22 | 10 | 93.0
| W-206-20 S-2 5.0-6.5 | (SC-SM) Dark gray, silty, clayey SAND with gravel 11 19 12 7 48.8
A W-206-20 S-4B 10.0 - 11.0 | (CL-ML) Gray, sandy silty CLAY 12 21 16 5 59.6
O W-206-20 S-7A 25.0 - 26.5 | (SM) Dark grayish-brown, silty SAND 22 NP | NP | NP 36.8
O W-206-20 S-8 30.0 - 31.5 | (ML) Olive, SILT with sand 24 NP | NP | NP 80.9
A W-218-20 S-6 20.0-21.0 | (SM) Dark grayish-brown, silty SAND with gravel 10 17 14 3 453
/
I-405 Renton to Bellevue LIQUID LIMIT, PLASTIC LIMIT AND
Widening and Express Toll Lanes PLASTICITY INDEX OF SOILS
Client Project No.: PS19203160 METHOD ASTM D4318
GEOSCIENCES INC. pROJECT N0 2019-015-21 T200ricure: 28
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SYMBOL SAMPLE DEPTH (ft) CLASSIFICATION % MC| LL PL PI % Fines
[ } W-218-20 S-11 45.0-46.0 | (ML) Olive-brown, SILT 22 33 25 8 98.1
[} W-218-20 S-13 | 55.0-56.0 | (CL) Very dark gray, lean CLAY 25 | 36 | 23 | 13 | 950
A W-220-20 S-3 7.5-9.0 (SM) Dark olive-brown, silty SAND 8 16 14 2 36.7
O W-222-20 S-12 50.0 - 51.0 | (ML) Olive-brown, sandy SILT 15 18 15 3 61.1
O W-222-20 S-13 55.0 - 55.5 | (SM) Dark gray, silty SAND 14 16 14 2 44 .4
A W-222-20 S-17 75.0-76.0 | (ML) Dark gray, sandy SILT 21 NP NP NP 51.3

Y,

I-405 Renton to Bellevue
Widening and Express Toll Lanes
Client Project No.: PS19203160

GEOSCIENCES INC.

LIQUID LIMIT, PLASTIC LIMIT AND
PLASTICITY INDEX OF SOILS
METHOD ASTM D4318

proJECT NO.. 2019-015-21 T200ricure: 29
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XL-5467 (OLD XL-4653) 405 RENTON TO BELLEVUE ETL - ENVIRO AND TRAFF.GPJ PUBLIC-COMMON LIBRARY.GLB 5/7/18

JobNo.  XL-4653 Date May 7, 2018
Hole No. R2B-10-17 Sheet 1 Laboratory Summary ? WSDOT
Project I1-405 Renton to Bellevue - ETL - Envir & Traff /4
Depth| S ! - Moist Density| Specific| Gravel| Sand | Fines
) e | uscs Description MC% | LL | PL| Pl | (osi®) | Gravity| (%) | (%) | %) | Cc | Cu | D60 | D50 | D30 | D20 | D10
® 70 D-2 SM SILTY SAND 19 |19 |NP|NA 14.6 | 50.8 | 34.6 0.279| 0.18
X| 12.0 D-4 MC & LOI Only 33
A| 240 D-7 MC & Sieve Only 18 11.2 | 743 | 14.5 0.324| 0.25 | 0.17 | 0.1
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XL-5467 (OLD XL-4653) 405 RENTON TO BELLEVUE ETL - ENVIRO AND TRAFF.GPJ PUBLIC-COMMON LIBRARY.GLB 5/7/18

JobNo.  XL-4653 Date May 7, 2018
Hole No. R2B-11-17 Sheet 1 Laboratory Summary ? WSDOT
Project _1-405 Renton to Bellevue - ETL - Envir & Traff L4
Depth| Sample - Moist Density| Specific| Gravel| Sand | Fines
(ft) No’.) USCs Description MC% | LL | PL | PI (bs/ft®) | Gravity| (%) | (%) | (%) Cc Cu | D60 | D50 | D30 | D20 | D10
®| 7.0 D-2 SM SILTY SAND with GRAVEL and Organics 15 | 18 [ NP | NA 17.5 | 53.4 | 29.1 0.368| 0.28 | 0.08
X| 14.0 D-5 MC & LOI Only 32
A| 240 D-7 ML SILT 31 31(28| 3 0.9 2.3 | 96.8
*| 34.0 D-9 SC CLAYEY SAND with GRAVEL 11 31|22 9 29.7 | 48.5| 21.8 2.661| 1.44 | 0.36
®| 54.0 D-13 MC & Sieve Only 17 54 | 76.4 | 18.2 0.426| 0.33 | 0.18 | 0.09
US Sieve Opening In Inches US Sieve Numbers | Hydrometer Analysis
3" 3/4" #4 #10 #40 #200
100Ky T A TA AT
T~
” \\\\ t’\
I X
80 ——
\\\\
70
= *\
2
2 60 i&\
> \\
i3)
& 50
C
S
é 40
&
30 \E\ N ®
et
QL
20 )
10
0 5 4 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.01 8 5 4 3 0.001
Grain Size In Millimeter
Sand Silt
Gravel Clay
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Washington State Department of Transportation
State Materials Laboratory

PO Box 47365 Olympia WA 98504 / 1655 S. 2nd Ave Tumwater WA 98512

Miscellaneous Report

Work Order : XL4653 Sample ID : 0000012011e
Section : 1-405/Renton To Bellevue-Express Toll Lanes-Envir&Traff
State Route No : Lab Number : MC0170045
Project Engineer : Jason Qiu Bid Item No :
Org Code : 412335 Date Received : 5/25/2017
Local Agency No :
Material : Soils
Contractor : Pit Number : R2B-10-17
Supplier Name : Date Sampled : 5/24/2017
Acceptance No : Date Received : 5/25/2017
Sampled Location : 12.0'to 13.5' Sampled By : Drill Crew
Make : IAS Sample No : D-4
Manufacturer : Lot Number :
Test Name Test Result Test Specifications
AASHTO T267 Determination of Organic Content in Soils by  7.23% AASHTO T267
Loss on Ignition
Result Code: Informational Kurt R. Williams, P.E.
Remarks : Boring: R2B-10-17 State Materials Engineer
Sample: D-4 Katharine Dafoe  By:
Depth:  12.0'to 13.5' . .
Lab #: G-1408 Chemistry Laboratory Supervisor

Date: 5/30/2017
Phone : (360) 709-5537

Billing Code
T2D1-1
T2M6 - 1



Washington State Department of Transportation
State Materials Laboratory
PO Box 47365 Olympia WA 98504 / 1655 S. 2nd Ave Tumwater WA 98512

Miscellaneous Report

Work Order : XL4653 Sample ID : 0000012013e
Section : 1-405/Renton To Bellevue-Express Toll Lanes-Envir&Traff
State Route No : Lab Number : MC0170046
Project Engineer : Jason Qiu Bid Item No :
Org Code : 412335 Date Received : 5/25/2017

Local Agency No :

Material : Soils

Contractor : Pit Number : R2B-11-17
Supplier Name : Date Sampled : 5/24/2017
Acceptance No : Date Received : 5/25/2017

Sampled Location : 14.0'to 15.5' Sampled By : Drill Crew
Make : IAS Sample No : D-5
Manufacturer : Lot Number :
Test Name Test Result Test Specifications
AASHTO T267 Determination of Organic Content in Soils by  7.32% AASHTO T267

Loss on Ignition

Result Code: Informational Kurt R. Williams, P.E.
Remarks : Boring: R2B-11-17 State Materials Engineer
Sample: D-5 Katharine Dafoe  By:

Depth: 14.0'to 15.5'
Lal:?#: G-1409 Chemistry Laboratory Supervisor

Report Revised to correct the Boring/Pit number. Date : 6/1/2017
Phone : (360) 709-5537

Billing Code
T2D1-1
T2M6 - 1



MATERIALS ENGINEER
Materials Laboratory
P. O. Box 167, Olympia, WA 98504 (Mailing Address)
1655 So. 2nd Ave.
Tumwater, Washington 98504 (Shlppmg Address)

Dear Sir:

WASHINGTON STATE

- @FEPARTMENT OF TRANSPORTAT.

DISTURBED

Place

Seattle

Dé& February. 25,.1985

I have forwarded by today’s .Hand..Carxried. .. the following Foundation Samples.

Sectlon .

Contract or .Sunset..Blvd.. to.F actoria
Job No. C=2637 SR No. .-..).LOE. ...... Sub-Section
Station 1 .
o t%et 377f‘hh 109'LT _g_ Hole # 1
= Tube '
= Lab Ne. Drive # Depth ;,,PS:',::;-, Clas. Description
| e -1'(',0 " | Hzo= | M
J‘Jl ‘ -3.0! IZ.} '
P-2 -2:)0' Hreo= sm
-C 5,01 | /2.8
P"'3 "'S .0! . - .
) - ,{Za = s
-3 -7,0' | /4.2
P"h -7.5 ! /120 ) . §M
to - A
-4 9.5 | 187
- to -
=S -12.00| /5.7
P-6 =12 .5 ! Hzo - 5m
t
— (’ﬁ -1)(:.5 t "IJ; I
P-T | -15.0"| /70 = 5{,’”
t
- 7 -12.5 ! /0‘ ,
P-8 | -17.5'| H20= 5@
~ U to t | 9,
O -1819" | A4}
P9 | ~20.0° . o
- 67 ' to ' LN'<3;!;E£/ i;,
=2013"

1 copy with samples
1 copy to addressee

FORM 351-002

DOT revisep 2/80

Yours very t.;u.ly,

(rmm)

BEw

Inspector.

> s

.



WASHlNGTON STATE
.:PARTMENT OF TRANSPORTAT.

MATERIALS ENGINEER
Materials Laboratory

P. O. Box 167, Olympia, WA 98504 (Mailing Address) ,
1655 So. 2nd Ave. . Date ... February. 25,.1385

Tumwater, Washington 98504 (Shipping Address)

Place Se attle

Dear Sir: DISTURBED
1 have forwarded by today's .Hand..Garried.. .. the following Foundation Samples.
Contract or " Section ...Sunset.Blvd.. o Fackoria /G
Job No. ..... G263, SR No. ... 405...... Sub-Section
Station - .
3774y 109! LT § :
of%et Hole # 1
P Tube
' . Position N -
Lab No. Drive # Depth in Sampler Clas. . . Description
P-10 | =25.0' | pzo= |SP
SO~ to # 99 =
0 )v J -25 '3" J ] .

1 copy with samples
I copy to addressee - . Yours very truly,

/M / - Inspector. -

FORM 351-002 : L
DOT revised /80 . e o . =
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OIL CLASS

SIFICATION

AND

SAMFLE NO.SEHA3 J0B NO.GP63” HOLE NO. /
DATE//7F%5 - OPERATOR (2D
SOIL FIELD IDENTIFICATION
TEST SAND SILT CLAY
VISUAL e
DRIED CAST
DILATANGY
- BITE - s
TOUGHNESS .
DESCRIPTION: < or Vs
Qtin—KE 5

% PASSING

| zé‘? S3.¢5

L6 2-

SIEVE ANALYSIS
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SOIL CLASSIFICATICH AND
SAMFLE NO.SEZ%</ JOB NOOz&7?  HOLE NO. p4
DATE 4~(74 __OPERATOR/ZD
" SOIL FIELD IDENTIFICATION
TEST SAND SILT CLAY
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SOIL CLASSIFICATICON AND IDENTIFICATION WORKSHEET
} 60 PLASTICITY CHART
SAMPLE NO.SBB2<< JOB NO£2¢3> HOLE NO./ H
DATES/ /€% OPERATORAZD " )
' SOIL_FIELD IDENTIFICATION yd
TEST SAND | SILT | cLay x40 i
VISUAL — | § B
ORIED CAST i
3 30
DILATANCY E A
BITE . 520 //
TOUGHNESS 3 i
DESCRIPTION: Ao, 0 )
O—I: Z
° 0 20 25— —56——85——75 80 90
- — e —————— LIQUID LIMIT
332 £ ze.r 167 YT TR
‘ : - — LIQUID LIMIT DETERMINATION-: ...
SIEVE ANALYSIS % Passing /755 LIQUID LIMIT PLASTIC LIMIT
—34 5 LoD |40 £ 3257 Al ——
h/gs5 GLB |80 Wel W
4 s/ 2l |40 Doy Wr - 3
0 73,7 (8.2 [20031,65  Jg> RhD pLe
GRAIN SIZE CURVE Blows 1
. - SCREEN SIZE a5
3 2 fys 1" #4 #1036 #40 - #80 #200
C. GRAVEL |{F. GRAVEL [C.SAND| M. SAND F. SAND 40
7FIKII L T T T T T T Teo
-+t H++— 1ttt 35
e -
Lt N [N N 1 Y I W | 3
] X3 T 1 Tt 17 LI 18 BRI LI | "
° H+—+—trrtt+——t—t Pttt +—1Hso 3
5 L (| i 1 1 1 ] | ] 1 ‘:\ ] 5. Lt __ 1 325
nll T 1 L] T 1 t B LA T‘N L% LR o
[- 4 . erde L S S S N U | (S | 1 Ll H 111 Ll4°
o 1 Lo lj'—l | L IR B DL O ¥ lx e
o FH 1ttt - ‘ 20,
‘?ii4H‘o—§ - 20
1 —ﬁl 1 i | i i L [ S | J I 1 1 i
1 | A ¥ L] 1 T 14 ¢ 1 L LI B 1
T O S T R M N Sl B e ae S 15
.. GRAIN SIZE - MM , WATER CONTENT °




i~

PLASTICITY CHART

WATER CONTENT

WORI(SHES

) i : o
- | i
/ | (@] m
N > 15
Je
2 | |4z
. §
(=) ..OnuP '} B
N = &|g
2 2
\
& . 1
X HEE:
N g2l |w
/_. wm M
N 2 .
ol |&f.
e (5|4
w3
N\ Tu
NT | 38
\ o3
- ”
31 &2
N- 212|%]al e
]
N IR MHE
s L L & L : ) olz|s|»®|m
(T3 [";) < (2] o~ - . ._4u % “w M nu % E
X30NI >h_u:.m.<4¢ sSmog

v

SOIL CLASS

GRAIN SIZE ~ MM

.. ©
‘o © o 2 S
- - I:I- - -
_ d FITTILILL
~. «q ™ ’ ol |
- 3 rw - oz ++ + 4+ 41
(@] Vo F £ + F 4+ F
™~ “1 14
—lhhh ] g o — - L e ol ol ol
m U/ m “ . JE s S WO SO S i

487 ] :

3 LY . TR
Q5 JelM | ¥ lGfrTTTTITTTT
3. o o 3;‘ k p— o N of— FTrrT T+ + -

wla “ . o (8] u*m.ll.lllj.ll.lll be o hid

Ol | nloloiQle " ’ -
m.mm a|Y1®15 ¥ Y =x0 o

< > o wiZ
BEw A 5“ “lllllllL'j'llll ﬁ-'
2 8o z T ol el ol el ol ol

= < < "3 ]

E o Ih..v = 4= 4= 3 S SR 5N =
6 w [ 7, 7“ (L] .-Wb_ll_llll.llllllﬁul] ﬁ'
N\ n}> » . R E-

T NERREERE o S TTTTTTTTTT
ole=ila b < ﬁs MO -

MM E I MER derFt+t+t+T++ 1+ - o

A . EUEAEUN. 4
m Flolgl2dlElol© T T 1 TTTT I
S|o|o|la|+]|r Z -

JI [« 8 l-ll e o = . o
WX & W LI TITTL -
g i 3| R WEETTT T T LTy

|1 T (o] IS S e TGS S "
3 &l 8 IS S TT1 TTF
ONISSVYd %




% PASSING

SOIL . CLASSIFICATION AND IDENTIHFICATION WORKSHEET
. . PLASTICITY CHART
SAMPLE No%/? JOB NO.#32 HOLE NO. /
DATE &~ 7-E5_____OPERATORAZ s A
SOIL_FIELD IDENTIFICATION 7
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DESCRIPTION: =~ e o ’

=N -F Sf?—/)f) 7 A !
o | 1
10 20 30 40 80 60 70 80 90
- LIQUID LIMIT
s, % 35,7 10, ( —
33,25 (o0 140 /765" Alle Can Na
‘% é?’ﬁ 7(.I¢7 -80 1
-4 /3555 S |40 e hid w... ——re
0 3£ Uyl 20 18s &\ e o
| - GRAIN SIZE CURVE lBiows P

: . - SCREEN SIZE
3 2 ¥ 1A - - 44

#0_ 46 #40 -
C. GRAVEL |F. GRAVEL |C.SAND| M. SAND F. SAND i
T Tr T T 1T 7T T T T T 00
'3 NI | BN T N T IR N B B Y L by
T [ U Tt 1 T 1 T T 1 | LIS ML
1 L i b L i_ 4 L 1 ) S D ) [ [ } L.l
1 &1 | L | L 11 1 Tt ™80
j ] -l T G Lot -] N | 1.1 il 11
) 1 1 i L) T 1 ] LR S 1 L8 L v 1
i L1 1 E} [l 1 1 L 1 I | Lt 111 1 |so
T v i L B DL U i B B A O T L}
i 3 41 I \n [ [ [ Ll i
1 1L UL LR LI s L 1~ Tt 1
Y 3 i1 IS R L \%_1\1‘ 1 [T N g Y1 L tlao
i 1 [ L O L 1 11 | B ] LB LR
tl . [} i gt e . N 1 [N | !
¥ i, L ] 1 T LI T 1 1 L8 B LI
—h%’f:}::::: %H—}‘ HH—ite0
1 ol 1 ol Lot [ T 1*1\1\1 1
] V1 T [RN A K (B R | 1 1 1 | B U R
1 1.1 HooL Y N | | L I | (U . | L. Uo
€0 4030 208 108 6 4 3 2 1S 1 8 6 4 3 2 .5 1 08
GRAIN SIZE -~ MM

#80 200

a8
40

35

20

WATER CONTENT °
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WASHINGTON STATE |
.EPARTMENT OF TRANSPORTA‘I'I

MATERIALS ENGINEER . . o T
Materials Laboratory 1 . Place Seattle

P. O. Box 167, Olympia, WA 98504 (Mallmg Address) .

1655 So. 2nd Ave. Date February 25,1985

Tumwater, Washington 98504 (Shlppmg Address) |

Dear Sir: DISTURBED

the following 'Foundation Samples.

I have forwarded by today's .Hand. Carried

Sunset Blvd, to Factoria I/C

Contract or Section
Job No. .....0=2637 SR No. ... 102...... Sub-Section
Statlon -
Offset -Hole # 2
. Tube B
. Position . . A
- Lab No. Drive # Depth in Sampler “Clas. Description
Ny P [-Lot | pzo= [sm
D) ":J _ 3 _t .: . -
59501 SOTIN B %y
P-2 | =3,0' | Hzo= |(gm
to ~
.2 oLl e7 F
. P=3. |-5,0' [. //Z&'; .5ﬂf
— to , '
2 1,00 | 7 /%Y
P-ly | =75 | flo= |om
t
4’ -9(.)51 /47
P-5 | =10.0'| fZo= |SH
- < to
5 «12,01 /7./
P-7 | ~15.0'| #H20= |SM
. % .
-b -1?.0' /9.3
| P=8 -%}5: W2o= sm
e 7 ~19.51 343
P-9 =20,01 ;/20;' 5m
—~ 8 to
22,0t | 20,2
— P-l0 | -22 S| o= |SM
-2,-1 05 ! / 7[ ? i

1 copy with samples

1 copy to addressee Yours very truly,

FORM 351-002

DOT revisep 280

Inspector.




WASHINGTON STATE
.EPARTMENT OF TRANSPORTA'I'#

MATERIALS ENGINEER

Materials Laboratory Place ..S€attle
P. O. Box 167, Olympia, WA 98504 (Mallmg Address)
February. 25, 1985

1655 So. 2nd Ave. | Date
Tumwater, Washington 98504 (Shlppmg Address) . .

Dear Sir:

DISTURBED

I have forwarded by today’s Hand Carried the following Foundation Samples.

Contract or Section ...Sunset Blvd, to Factoria I/C
Job No. ...... C=2637 ... SR No, .. .b05% . Sub-Section

Station " .
& o 376+35 115'LT @ ;
: Hole # 2

Offset
= Tube
C Lab No Drive # Depth i:;:::;rer Clas. Description
P11 [-25.0'[ cpp= |9
Syze-10 oo | 2ez
P12 | =251 Vo= | MU
-} 30,00 | 28.9
-, =30,0! -
P=13 ig 0 o= m[,
-z -32,0! ;_?. 0
: P~ 2.5' | Hzo= M
- 13 | Be| 223 2
P-ls -3500' - 7
1 4, to:: e
i _37.01 })0 l
_ P16 -%7-5' H2o - sse"
- o
\ 5 39,51 |- /0‘0

1 copy with satﬁples

" 1 copy to addressee ' Yours very truly,

Inspector.
FORM 351-002 .
DOT revisep 2/80 : 3

>
e rs————————-..
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SOIL CLASSIFICATION AND IDENTIFICATION WORKSHZET

. - PLASTICITY CHART
1
SAMELE NO_SZREDH/ JOB NOZ263> HOLE NO. Z- ,
DATE &/—~/7 OPERATOer . . )%
' SOIL FIELD IDENTIFICATION . A
TEST . | sawnp SILT CLAY x ‘ '
-X 40
VISUAL . e e ‘é N
ORIED CAST € o
DILATANCY & L
BITE. .- I - = pd
‘320 v
TOUGHNESS . . 2
DESCRIPTION: /A~ ﬁﬁ"gf; - E_i,q/}p;i;ﬂ o
c L1 11
10 g0 30 40 80 60 70 80 90
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SOIL CLASSIFICATICON

AND

IDENTIFICATION WORKSHEET

FAMFLE- NQSEBo,2.J0B NO.J2¢3> HOLE NO. 2—

DATE - (7~Fc— OPERATORZ
' SOIL FIELD IDENTIFICATION
TEST 'SAND SILT CLAY
VISUAL 1
" DRIED CAST
DILATANCY
BITE _
TOUGHNESS
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20
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SOIL CLACSSIFICATION AND IDENTIFICATION WORKSHEET

PLASTICITY CHART

SAMPLE NOSZ%5/3 JOB NO.CHJI, HOLE NO. 2— T3
DATEY/ /755~ OPERATORZ7 . |
' SOIL FIELD IDENTIFICATION //
TEST . SAND | SWT cLay |- x40 -
VISUAL _. A § %
DRIED CAST .
> 30
: DILATANCY 5 e
. eIte = >
- TOUGHNESS . ' gzc -
DESCRIPTION: é\._ e, S SLTT . 2/ o »
. . VT
° 0 20 30 0 &0 70 80 90

40 $
“LIQUID "LIMIT

% PASSING

e . & ENE) __ | . '
SIEVE ANALYSIS % Passing /%73 7 LIQUID LIMIT DETERMINATION
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-40 $4.5 P>,
3 Can No.
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SOIL CLASSIFICATICN AND
SAMPLE NOSZZY/</ JOB NOL2677 HOLE NO.Z
DATE &~/ 747 ___ OPERATORS,
SOIL.FIELD IDENTIFICATION
TEST SAND SILT cLAY
VISUAL — e
DRIED CAST
DILATANCY
T «- - BITE
TOUGHNESS
|DESCRIPTION: » , .
/3Ly, W —E< /.
?/,/ 32. 7 ALY
SIEVE ANALYSIS % Passing.. 7
40 N0 §7.4
34 20 (60 |-80
-4 4,8 428 |40
1079, 7 23.0 |-200 J& 224
‘GRAIN SIZE CURVE
o . y SCREEN SIZE
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IDENTIFICATION

WORIKSHEZT

6o PLASTICITY CHART
1
v

50 ,/
o e
% 40 :
g e
> 30 | 2%
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o ]
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"SOIL CLASSH

FICATION Al

SAMFLE NOSEZU75 JOB NOF2437 HOLE NO.2-
DATE &~/ A% OPERATO

SOIL FIELD IDENTIFICATION

TEST : SAND

SILT

GLAY

VISUAL , ~

[l

DRIED CAST

DILATANCY

T BITE Lo

TOUGHNESS

S Mmgi%mﬁp |

% PASSING

A7 128

m(p

SIEVE ANALYSIS % Passing / &5, 7%

7 2825 |G0 |40 AR D 2;3___
% 48 %44 |80
nale $g  |nao .
0 74.¢ @ ot Gy
GRAIN SIZE CURVE
) - SCREEN SIZE ' _
32 o #4 $0 #16  #40 #80_  #200
C. GRAVE ]r-' GRAVEL {C.SAND| M. SAND F. SAND
TTT T T T T T Ty T T I 00
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D
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NT?F! TION WORKSHEET
PLASTICITY CHART
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]
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-
X 40
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4 20 //
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MATERIALS ENGINEER
Materials Laboratory
P. O. Box 167, Olympia, WA 98504 (Maxlmg Address)

1655 So. 2nd Ave.
Tumwater, Washington 98504 (Shipping Address)

Dear Sir:

.iPARTMENT OF TRANSPOR

WASHINGTON STATE

Place

Seattle

February 25, 1985

Date.

TURBED

DIS
1 have forwarded by today's ...Hand. Carried. . the following Foundation Samples.

Contract or

Section .....Sunset..Blvd.. to Factoria.I/C

Job No. ......C=2637 SR No. .....Ji05.... Sub-Section
Station v :
a0 377:50 TOMT E voes 3
o - Tube
" Lab No. Drive # Depth ;,,Pgﬁi,',i,;re, Clas. Description
e P=l | =L.0' | pzp=  |SP
\‘:’%} (h '_\ -;?0[ &3 )
. P2 |=3.0f Heoz |3
Tl "5 00' ‘/n“’
P=3 -5.0! - 1€
- to Heo= ah
5 =7.0' | o1/
P.h =fe ! e ﬁ
| 1| HEo=E Y,
-4 s | /47
P=5 -10,0!
B , to LKSE2- 4
-5 -12,0!
P-6 | =12,5' | 29 = 5P
i
o o T P :
_ P-7 -tl,i 0! L K 5579__ (p
- / -17. ot -
P=8 17,5t | /op=
-8 wo | HBF S
¢ "1905 ! / 7‘ /
P=9 «-20,0! -
» 20 L Ks$9- 2
- «22,0!

I

1 copy with samples
1 copy to addressee °

FORM 351-002

DOT revisep 230

Yours very truly,

___________________ kEW.(R!

Inspector.

< >



WASHINGTON STATE
. (@FEPARTMENT OF TRANSPORTA 1.:

MATERIALS ENGINEER

Materials Laboratory : Place Seattle
P. O. Box 167, Olympia, WA 98504 (Mallmg Address) - .
1655 So. 2nd Ave. . : Date ... February..25,.1985. ...

Tumwater, Washington 98504 (Shipping Address)

Dear Sir:

I have forwarded by today’s .Hand Ca;'ried the following Fétgl%saggﬁpﬁg?nples.

Contract or \ Section ...Sunset. Blvd,. to Factoria I/C
Job No. ......G=20317 ! SR No. ...u05...... Sub-Section
Station : '~ .
377450  70'LT E ' : :
Of?iﬂ = o Hole # 3 !
E Tube . .
Position . s e
Lab No. Drive # Depth in Sampler Clas. Description
P=10 w2245 | 420_: : 95;;, g 5 ' =

58579-10 '_;;,9,, - E8 .
P-11 | -25.0! L KSEO/0

’ -27.0'

1 copy with samples .
1 copy to addressee o _ . Yours very truly,

Inspector.

___________________ Kew. (RMM)

DOT revisep 2780 ' B s




SOIL CLASSI

1

[(C

ATICGH

A
Y

SAMFLE NO.SB77-/ JOB NO.CA57 HOLE NO. 3
DATE /- 17-85 OPERATOR %7
SOIL FIELD IDENTIFICATION
TEST SAND | SILT. CLAY

VISUAL o |7

DRIED CAST

DILATANCY

BITE

TOUGHNESS .
" |DESCRIPTION:

ND

% PASSING

43,35 /565

e

SIEVE ANALYSIS % Passing 42/3,1/
~/ 222 (oD 140 72,/ 0.4
-% 2.7 L&  Iso
49,4 S3 a0 .
0 24 45 L0 [-200 ALZ 358
s GRAIN SIZE CURVE
’ ' 7 SCREEN SIZE
3 2 tys W #4 ___ #0 6 #40 _ #80__ #200°
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Y llv1 | N S “TT T[T T T 100
1 (] | S| Il [ T . Y L.t 1l ol Ll L. bl
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L T 1 L B} L L I TR R ™ WL | 1T T 17 T
HA— g a0
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7 ZA NS S DN R S W 9
L ; 1 1.4 [ | i N FIE ¢ I‘L\L }
1 L] LR R ) LEE i 1R | L LB I T
. A L St e Nt JE TR I B a da 2w

1
Y
GRAIN SIZE — MM

[DEMNTIFICATION WORKSHEET
60 PLASTICITY CHART
L]
/4
50 A
/]
% 40
> 30 ¥
o
(&
= v
= i
@20 T
-
a
10 v
7 772
16 20 30 40 80 80 70 80 %0 100
"LIQUID LIMIT
LIQUID LIMIT DETERMINATION.
LIQUID LIMIT PLASTIC LIMIT
Can No.
Wet We. .
Dry Wt." - |--- o
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a0
35
3
m_ I
2,
[++]
20,
3 WATER CONTENT °




SOIL CLASSIFICATION AND IDENT

SAMFLE NO.$87%-2 JOB NO.¢2%37 HOLE NO._3
DATE 4-172 Q5 OPERATOR/Z
' SOIL FIELD IDENTIFICATION
TEST SAND | SILT GLAY
VISUAL o |
DRIED CAST
DILATANCY
- BITE
TOUGHNESS _

DESCRIPTION:

glm\% Z 3‘/-}175 ' E:

/

K7 Si7 44
' SIEVE ANALYSIS % Passing &% 3
40 v, O SB-(
% /5.55 (o) |e0
4 4,75 304 a0 o] -
-0 /€. 0 6] 200 4.7 3.7
GRAIN SIZE CURVE
. . . SCREEN SIZE _
3y Cya" V" #4 0 #6 #40 _ #80 #200
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T YT 1T T T T T T 00
Lo [ S R U T T L1 el a0
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[N L0 LR LHE | [ T 1 LESE O A L 4 LI B B
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L L ¥ 1 u 1 1ol ' ) - | bl Lol 134 ]
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1. 1.1 ! é [N B | 11 1 TR | [ 114 i.1lo
60 40 30 22 e 6 4 3 Z 153 J 8 8 4 3 2 i85 i 08

GRAIN BIZE — MM

[FICATION WORKSHEET
60 PLASTICITY CHART
1
v
50 //
v
Z] .
X 40
§ e‘y/
> 30 Y
[
§ y.
[y N
¥ 20 —
=3
a
. _
r////J/ Z/T
ol L L[]
10 20 30 40 50 0 7 80 90
LIQUID LIMIT
. LIQUID LIMIT DETERMINATION. .. . .
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Con No.
Wet W2
----- Dry W N () A
%Hzo PLs
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- 4%
" 40
30
[72]
3.
Qes
o)
20
i5
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SCIL CLASSH

1

ICATION

AND

WORIKSHEET

SAMFLE No.3§7¢—3 JOB NO.€2¢32 HOLE No. 3

DATE#—/?{_S/I OPERATOE_{Q
' SOIL FIELD IDENTIFICATION
TEST SAND | ST CLAY
VISUAL P
DRIED CAST -
DILATANCY
BITE
TOUGHNESS

DESCRIPTION: ) .z. A ’
- 7 C—m—;F v~ W% %‘

PLASTICITY CHART

% PASSING

A9, )

GRAIN 81ZE€ - MM

_Q..Q.S’_.m .
SIEVE ANALYSIS % Passing_2//, 0 |
"/ ‘/‘/, 7 mo ~-40 0( .3-'2' | -
%SG/ . |80
-4 //1 S SA\. |10
10 22. ¢ QL) 200 4.3 UA
- ‘ .GRAIN SIZE CURVE
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rrer v st Tt 7 T
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1 T r T L I O L R 8 WL 1 L2
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i 1 | I [ T I Lle a Y ! \ Ll
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O 4030 D [N ) . 4 3 > 18 M B 6 A 3 208 1 08

60 T 4
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v
X 40
w
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» 30 ¥
=
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Q 7 .
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Can No
Wet W
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%H,0 PLe
Blows Pls
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40
35 w
3
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Ol CLASSIFICATION AND IDENTIFICATION WORKSHEET

. _ 6 PLASTICITY CHART
SAMFLE NO.S£74-4s JOB NO.€2¢3> HOLE NO. I i . %
DATE Y—{7-gs—__ OPERATORAD . )
' SOIL FIELD IDENTIFICATION : . %
TEST . saND | swr CLAY x 40 : '
VISUAL - [ Vel § i
DRIED CAST S 30 v
DILATANGY = L
_ BITE - - N % 20—} . // :
- TOUGHNESS o - ;J '
DESCRIPTION: y ] 7 _ 0 p ’
7 T
__O-F A
o [ ] ]
. 10 20 30 40 50 60 70 80 90 100
, — _ _ “LIQUID - LIMIT
— _ vy -
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TTT TR T 7T T[T T T T Theo
H s
[} 11 L1 1 i L i | 1 1 ] 1 b1 1
Tr i 1] T 1 T I B LN | 1 T 1180 :
1 11 1 4 1 Ll 1 [ORE DE ¥ B T N 30
1 Py 1 Ll 11 H i LR L L | R i[77 T »
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7 I I I Lt I e |+ B
e T i o s e g e
) A ilLi +— } ——t 7\4‘\4: f—t—t 20
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SOIL CLASSIFICATION AND IDENTIF l"ATlO’\' WORIKSHEET -
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Appendix C
Grade Separation Barrier 05.33R Calculations
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APPENDIX C - GRADE SEPARATION BARRIER 05.33R
CALCULATIONS

General
This appendix presents geotechnical calculations for Grade Separation Barrier 05.33R including:

ESU Soil Properties

Seismic Hazard Analysis

Lateral Earth Pressures

Coefficients of Friction for Sliding
Bearing Resistance and Elastic Settlement
Global Stability

ESU Soil Properties

Design soil properties were developed in accordance with the Project GDM, AASHTO LRFD, and FHWA. We calculated the
average, geometric mean, and standard deviation within each ESU. We verified the reliability of the ESU data set by

comparing the COV of each calculated geometric mean value to measured and interpreted values presented in Sabatini et al.
(2002) Table 52.

A detailed description of the soil property development is presented in Section 7.1 of this geotechnical engineering report.
Supporting calculations are provided in this appendix.

Seismic Hazard Analysis

We selected a representative site class for the barrier from the site class evaluation of nearby borings. We evaluated the site
class of each boring using a spreadsheet developed by GeoEngineers in accordance with AASHTO LRFD Section 3.10.3.1.

We developed seismic design parameters using the WSDOT Bridge Engineering Software BEToolbox/BridgeLink in
accordance with the WSDOT BDM based on the projected ground motion at the project site that has a 7 percent (SEE)
probability of exceedance in a 75-year period (approximate 1,000-year return period).

We used a mean earthquake magnitude at the PGA period of 7.0 for the SEE based on the Hart Crowser design report “I-405
R2B Segment 1a Site-Specific Hazard Analysis RFU,” dated March 25, 2021.

We evaluated the FS against liquefaction and liquefaction-induced settlement of saturated, loose to medium dense soils in
accordance with the Project GDM Chapter 6 using a spreadsheet developed by GeoEngineers. The FSs against liquefaction at
Grade Separation Barrier 05.33R were greater than 1.2 for all soil analyzed; per Project GDM Section 6-4.2.3, soils with
liquefaction potential are defined as those with FSs against liquefaction less than 1.2.

Detailed descriptions of our seismic hazard analysis methodology and the results are presented in Section 7.2 and Section 8.1,
respectively, of this report. Site class calculations, WSDOT BDM software outputs, and liquefaction analyses are provided in
this appendix.

Lateral Earth Pressures

Active lateral pressure coefficients and active lateral earth pressures for imported common borrow, select borrow, and gravel
borrow were calculated in accordance with AASHTO LRFD Section 3.11.5 using a 4H:21V barrier back face batter, the
proposed 3.2H:1V backslope behind the wall, and a horizontal foreslope in front of the wall. Lateral earth pressures shall be
applied using a triangular distribution. An LRFD load factor of 1.5 shall be applied to the active earth pressures in accordance
with AASHTO LRFD Table 3.4.1-2. Due to negligible embedment of the wall, passive lateral earth pressures shall be ignored.

Surcharge loads and appropriate load factors from AASHTO LRFD Tables 3.4.1-1 and 3.4.1-2 shall be applied to evaluate
barrier stability.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, Walls 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83
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A detailed description of our analysis methodology and the calculated results are presented in Section 7.3 and Section 8.2,
respectively. Supporting calculations are provided in this appendix.

Coefficients of Friction for Sliding

Coefficients of friction for sliding on surficial native soils, common borrow, select borrow, and gravel borrow were calculated
using AASHTO LRFD equation 10.6.3.4-2.

A detailed description of our analysis methodology and the results are presented in Section 7.4 and Section 8.3, respectively, of
this report. Supporting calculations are provided in this appendix.

Bearing Resistance and Elastic Settlement

We estimated the bearing resistance and elastic settlement of the barrier using a spreadsheet developed by GeoEngineers in
accordance with AASHTO LRFD Section 10.6.3. We estimated elastic settlement from procedures outlined in AASHTO
LRFD and Section 10.6.2.4. Sliding and overturning are being evaluated by the design-build team’s wall designers and will be
submitted under separate cover.

A detailed description of our analysis methodology and the results are presented in Section 7.5 and Section 8.4, respectively, of
this report. Supporting calculations are provided in this appendix.

Global Stability

We performed global stability analyses for the following critical design section:
e Section Sta. 1+58 — Maximum overall slope height

Global stability was evaluated using limit equilibrium analysis methodology outlined in the Project GDM using the computer
design software Slope/W (Geo Slope International, Ltd. 2020). We analyzed FSs using Spencer’s method and Morgenstern-
Price for a circular failure surface.

Grade Separation Barrier 05.33R will be designed in accordance with WSDOT BDM Section 10.3.1 for differential grade
concrete barriers of 4 feet or less and will follow procedures in Project GDM Chapter 9 for embankments to evaluate global
stability. Per Project GDM Section 9.2.3.1, seismic global stability analyses are not required for the barrier since it will not
support or potentially impact structures.

Detailed descriptions of our global stability analysis methodology and the results of our analyses are presented in Section 7.8
and Section 8.6, respectively, of this report. Global stability models showing FS for critical failures at the design section are
provided in this appendix. Slope/W reports are provided in Appendix J.
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05.33R

Soil Properties Summary

Plasticity . . . Fully . .
inac d f f Total Unit Effective Friction Effect Residual ' i
ESU Descripti Total No. of uscs ¢ Flr:;s Index R(zwf')\l l\I:lfof (Nt:)sfo Weight & (pcf) |Angle, &' " (deg) softened ’e C I\;e ekSIdua SfesmT:ISSh(e arf) SUtndraltr;ezS?eafr)
escription ei c ngle, ¢' e i ' ' rength, Sr (ps rength, Su (ps
P samples ° G8) | pre (o) P (bpf) (bpf) ght® (p g 8| 4 (deg) | € (PST) | @' (deg) g P g p
Value Value Value | Value | cov ? | Value | cov ? | Value | cov ? | Value | cov ? Value Value Value Value Value cov
Medi D to V D
18 ediim Lense to very bense 3 SM 34 ; 17 23 | 25% | 33 | 39% | 120 | &% 36 4% - ; . ; ;
Coarse-Grained Fill
Very Soft to Medium Stiff/V
1c ery Soft to Medium Stiff/Very 3 cL 50 8 2 4 5% | 4 5% | 115 | 0% | 27 | 4% - - ; - ;
Loose to Loose Fine-Grained Fill
4B Dense to Very Dense Sand/Gravel 2 SM 28 - 93 145 19% 136 17% 130 0% 43 2% - - - - -
Notes:

a. Coefficient of Variation (COV) percentage calculated to verify the variability and reliability of sample data within ESU (WSDOT GDM Section 5.11.2 (2015)). Calculated COV percentage compared to ranges presented in Table 52

(Sabatini et al. 2002) (below).

b. Number of samples excludes outliers.
c. Predominant USCS classification of all samples in ESU. Sandstone, where encountered, denoted as (SS).
d. Fines content percentage calculated as the geometric mean of all samples, whose values were determined through lab testing or estimated from field classification.
e. For coarse-grained ESUs, the plasticity index was estimated from the fine-grained portion of the soil. For fine-grained ESUs, if lab data is limited, the plasticity index may not be representative of the overall soil unit.
f. Corrected blow counts (Ngo and (N;)¢,) were calculated following WSDOT GDM Section 5.5 (2015).
g. Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu (2001), as specified in WOOD SPM. The geometric mean of the unit weights was
rounded to the nearest 5pcf, as specified in WOOD SPM. Unit weight data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

h. Design friction angles were selected by considering fines content. Friction angle data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

i. Where applicable, fully softened friction angle was estimated following WSDOT GDM, Figure 5-7 (After Stark and Hussain, 2013).
j- Where applicable, effective cohesion was calculated using Equations 6 through 8 in the WOOD Geotechnical SPM.
k. Where applicable, residual friction angle (to be used for slope stability evaluation) was estimated following WSDOT GDM, Figure 5-5 (After NAVFAC, 1971).

GeoEngineers, Inc.

Measured or interpreted parameter value Coefficient of Variation, V
(%)
Unit weight, y 3to7%
Buoyant unit weight, y;, 0to 10 %
Effective stress friction angle, ¢’ 21013 %
Undrained shear strength, s, 13 to 40 %
Undrained strength ratio (s,/c.,') S5tol5%
Compression index, C, 10 to 37 %
Preconsolidation stress, o' 10 to 35 %
Hydraulic conductivity of saturated clay, k 68 to 90 %
Hydraulic conductivity of partly-saturated clay. k 130 to 240 %
Coefficient of consolidation, c, 33to 68 %
Standard penetration blowcount, N 15t045%
Electric cone penetration test, qc 5to 15 %
Mechanical cone penetration test, q. 15t0 37 %
Vane shear test undrained strength, s,ys; 10 to 20 %

Source: Table 52 (Sabatini et al. 2002)




ESU Name: ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

GeoMean: 17 23 33 34 - 41 36 120 - -

Average: 18 23 34 34 - 41 36 120 - -

St. Dev.: 55 5.9 135 - - 17 17 76 - -

cov: 031 0.25 0.39 - - 0.04 0.05 0.06 - -

Boring Elevation N Neo (Ny)eo %E > (I.:Ib) (h?;h) (I:’w) S‘;zil;::t (::f) (f)rs:) uscs Explanation for Sample Removal
(deg) (deg)
W-207-20 125.7 23 29 49 37 - 42 37 130 - - SM
W-207-20 123.2 rock in barrel, SPT may be artifically high

W-207-20 120.7 18 24 32 34 - 41 36 120 - - SM
W-207-20 118.2 12 17 22 81 - 39 34 115 - - SM

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.
2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained shear strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.
3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties or using the average of two tested samples

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

1. Check N160 COV is between 15 and 45%

Selected Design N160:

33

Coefficient of Variation (COV):

0.39

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13%

(N4)¢o (blows per foot)

Friction angle ¢

WSDOT GDM Table 5-1
SPT (N;)go Vs drained friction angle ¢ (degrees)

(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 & 40 R?=0.9924
- o
4 27 g 35 y = 4.236In(x) + 20.903
4 32 w R? = 0.9924
€ 30
10 30 ©
10 35 225
30 35 £ 2
30 40 10 20 30 40 50
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 41 36 38 0.04
Selected Design Phi' (deg): 36 |

60

Notes on Selection:

The estimated fines content is 34% (geomean). The high fines content supports the use of the lower bound of the friction angle range.

Pick Representative USCS:

SM

Pick Representative Unit Weight:

120

*Using Predominant USCS Classification

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 6%.




ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)

50
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[
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Phi* (High)

= o= e A -1std

= e Average
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*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 1C - Very Soft to Medium Stiff/Very Loose to Loose Fine-Grained Fill

GeoMean: 2 4 4 50 8 32 27 115 - -

Average: 2 4 4 50 8 32 27 115 - -

St. Dev.: 0.6 0.9 1.0 - - 1.0 1.0 0.0 - -

cov: 0.25 0.25 0.25 - - 0.03 0.04 0.00 - -

Boring Elevation N Ngo (Ny)eo %E > P (h?;h) (I:’w) KL .Unit o sr' uscs Explanation for Sample Removal
(Lab) Weight (psf) (psf)
(deg) (deg)

W-207-20 113.2 2 3 4 50 8 32 27 115 - - CL
W-207-20 108.2 3 5 5 50 - 33 28 115 - - CL
W-207-20 103.2 2 3 3 50 - 31 26 115 - - CL

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using ified methodol in the WOOD rical SPM. Where applicable, undrained shear strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.
3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties or using the average of two tested samples

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an
(N1)60cs>20, uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 1C - Very Soft to Medium Stiff/Very Loose to Loose Fine-Grained Fill

1. Check N160 COV is between 15 and 45%

Selected Design N160: 4

Coefficient of Variation (COV): 0.25

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13% WSDOT GDM Table 5-1
cti SPT (N,)¢, Vs drained friction angle ¢ (degrees
(N1)so (blows per foot) Friction angle ¢ (N1)o gle ¢ (deg )
(degrees) ]
2.5 25 o y =4.236In(x) + 25.903
oo 40 2_
2.5 30 ) R?=0.9924,
o
4 27 35 v =4.236n(x) + 20.903
4 32 W R?=0.9924
< 30
10 30 c
10 35 225
30 35 £
20
30 40 0 10 20 30 40 50 60
28 zi (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) b (avg) ¢' COV
GeoMean: 32 27 29 0.04
Selected Design Phi' (deg): 27 |
Notes on Selection: The estimated fines content is 50% (geomean). The high fines content supports the use of the lower bound of the friction angle range.
Selecti h i d fi is 50% ( ). The high fi h f the | bound of the fricti {
Pick Representative USCS: CL *Using Predominant USCS Classification
Pick Representative Unit Weight: 115
Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
Notes on Selection: (2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set
COV was 0%.




ESU 1C - Very Soft to Medium Stiff/Very Loose to Loose Fine-Grained Fill

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)

50

45

40

35

30

25

20

140

120

100

20

(1) uonenala

140

120

100

(34) uoneas|g

Phi' (High)

- o o A -1std

= e Average

= = = = Average+1std

o= e = Average - 1std

== == Average

o e o A+1std

Phi' (Low)

*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 4B - Dense to Very Dense Sand/Gravel

%F Pl & ¢ sat. Unit su sr
N R (ko (Lab) ((':f:)’ ::’:;; Weight (psf) (psf)
GeoMean: 93 145 136 28 - 47 42 130 - -
Average: 96 147 137 28 - 47 42 130 - -
St. Dev.: 27.6 283 233 - - 0.7 0.7 0.0 - -
cov: 0.29 0.19 0.17 - - 0.02 0.02 0.00 - -
Boring Elevation N Neo (N1)so %F > (L:Ib) (h?;h) (I:’w) Svavt;il;:it (::f) (f:rs:) uscs Explanation for Sample Removal
(deg) (deg)
W-207-20 98.2 Transition from fill above, underestimate blowcounts
W-207-20 93.2 76 127 121 28 - 46 41 130 - - SM
W-207-20 88.2 115 167 154 28 - 47 42 130 - - SM

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.
2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained shear strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.
3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties or using the average of two tested samples

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 4B - Dense to Very Dense Sand/Gravel

1. Check N160 COV is between 15 and 45%

Selected Design N160:

136

Coefficient of Variation (COV):

0.17

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13%

(Ny)¢o (blows per foot)

Friction angle ¢

WSDOT GDM Table 5-1
SPT (N;)go Vs drained friction angle ¢ (degrees)

(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 & 40 R?=0.9924
- o
4 27 g 35 y = 4.236In(x) + 20.903
4 32 w R? = 0.9924
€ 30
10 30 ©
10 35 225
30 35 £ 2
30 40 10 20 30 40 50
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 47 42 44 0.02
Selected Design Phi' (deg): 43 |

60

Notes on Selection:

The estimated geomean fines content is 28% (geomean). The friction angle is taken as the upper bound and capped at 43 degrees for glacially
consolidated material with fines content less than 70%.

Pick Representative USCS:

SM

Pick Representative Unit Weight:

130

*Using Predominant USCS Classification

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 0%.




ESU 4B - Dense to Very Dense Sand/Gravel

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)

50
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(1) uonena|3
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g
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o e = Average - 1std

- == Average

o= e= o A +1std

Phi' (Low)

*See sample table for explanation for removing specified samples if applicable



SECTION 10 - FOUNDATIONS

The coefficient of consolidation, ¢, should be determined from the results of one-
dimensional consolidation tests. The variability in laboratory determination of ¢, results
should be considered in the final selection of the value of ¢, to be used for design.

Where evaluation of elastic settlement is critical to the design of the foundation or
selection of the foundation type, in-situ methods such as PMT or DMT for evaluating the
modulus of the stratum should be used.

ESU 1B Medium Dense to Very
Dense Coarse-Grained Fill

Es = 725 ksf = 5.03 ksi
Poisson's Ratio = 0.35

Page 11 of 87

A profile of 6,’, or OCR = 0,'/0,’, with depth should be developed for the site for
design applications where the stress history could have a significant impact on the
design properties selected and the performance of the foundation. As with consolidation
properties, an upper and lower bound profile should be developed based on laboratory
tests and plotted with a profile based on particular in-situ test(s), if used. It is
particularly important to accurately compute preconsolidation stress values for relatively
shallow depths where in-situ effective stresses are low. An underestimation of the
preconsolidation stress at shallow depths will result in overly conservative estimates of
settlement for shallow soil layers.

Due to the numerous simplifying assumptions associated with conventional
consolidation theory, on which the coefficient of consolidation is based, it is unlikely
that even the best estimates of ¢, from high-quality laboratory tests will result in
predictions of time rate of settlement in the field that are significantly better than a
prediction within one order of magnitude. In general, the in-situ value of ¢, is larger
than the value measured in the laboratory test. Therefore, a rational approach is to
select average, upper, and lower bound values for the appropriate stress range of
concern for the design application. These values should be compared to values obtained
from previous work performed in the same soil deposit. Under the best-case conditions,
these values should be compared to values computed from measurements of excess
pore pressures or settlement rates during construction of other structures.

CPTu tests in which the pore pressure dissipation rate is measured may be used to
estimate the field coefficient of consolidation.

For preliminary analyses or where accurate prediction of settlement is not critical,
values obtained from correlations to index properties presented in Sabatini et al. (2002)
may be used.

For preliminary design or for final design where the prediction of deformation is not
critical to structure performance, i.e., the structure design can tolerate the potential
inaccuracies inherent in the correlations. The elastic properties (£s, V) of a soil may be
estimated from empirical relationships presented in Table C10.4.6.3-1.

The specific definition of £s is not always consistent for the various correlations and
methods of in-situ measurement. See Sabatini et al. (2002) for additional details
regarding the definition and determination of £s.

An alternative method of evaluating the equivalent elastic modulus using measured
shear wave velocities is presented in Sabatini et al. (2002).

Table C10.4.6.3-1—Elastic Constants of Various Soils (modified after U.S.
Department of the Navy, 1982; Bowles, 1988)

Typical Range of Young’s Modulus Poisson’s Ratio, v
Soil Type Values, £s (ksi) (dim)
Clay:
Soft sensitive
?tief‘fji”m stiff to 0.347-2.08 0.4-0.5 (undrained)
2.08-6.94
Very stiff 6.94-13.89
Loess 2.08-8.33 0.1-0.3
Silt 0.278-2.78 0.3-0.35
Fine Sand:
Loose 1.11-1.67 0.25
Medium dense 1.67-2.78
Dense 2.78-4.17
Sand:
Loose 1.39-4.17 0.20-0.36
Medium dense 4.17-6.94
Dense 6.94-11.11 0.30-0.40
Gravel:
Loose 4.17-11.11 0.20-0.35
Medium dense 11.11-13.89
Dense 13.89-27.78 0.30-0.40
Estimating £s from SPT N Value
Soil Type Es (ksi)
Silts, sandy silts, slightly cohesive mixtures 0.056 Meo
Clean fine to medium sands and slightly silty sands 0.097 Meo
Coarse sands and sands with little gravel 0.139 Meo
Sandy gravel and gravels 0.167 Meo
Estimating £s from g, (static cone resistance)
Sandy soils 0.028¢c

The modulus of elasticity for normally consolidated granular soils tends to increase
with depth. An alternative method of defining the soil modulus for granular soils is to
assume that it increases linearly with depth starting at zero at the ground surface in
accordance with the following equation:

E =nhxz (C10.4.6.3-1)

where:

http://Irfdus.digital .transportation.org/LRFDUS/7/LRFDUS-7/Irfdus-7_sect10/Irfdus-7_sect... 2/5/2021
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Separation Barrier 05.33R
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AASHTO Average Blowcount in Upper 30'

W-207-20
Energy Energy
Corrected Layer Corrected Layer
Field Blowcount, | thickness d; Field Blowcount, | thickness
Depth | Blowcount N; (feet) Sum(d;) di/N; Sum(di/N;) N.ve Depth Blowcount N; di (feet) Sum(di) di/Ni Sum(di/Ni) Nave
2.5 23 33 3.75 100 0.11 5.8620 17.1 0 End of Data 0.0 #DIV/0!
5 37 54 2.5 0.05 End of Data
7.5 18 26 2.5 0.10 End of Data
10 12 17 3.75 0.22 End of Data
15 2 3 5 1.72 Driving Energy 87% End of Data | Driving Energy 60%
20 3 4 5 1.15 End of Data
25 2 3 5 1.72 End of Data
30 29 42 5 0.12 End of Data
35 76 100 5 0.05 End of Data
40 115 100 62.5 0.63 End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
End of Data End of Data
Soil Profile Type Vs (fps) N
Sa >5000 N/A Note:
Sg 2,500 to 5,000 Blowcount Percent (Energy is input BC/60). This spreadsheet approximates the layer thickness based on a function with
S¢ 1,200 to 2,500 >50 depth, however, depending on the layering of the log, it may be necessary for the user to input their own layer thicknesses
S, 600 to 1,200 15<N<50 (i.e., clay layer extends at 7.5 ft and the blowcounts need to be weighted to reflect that thickness).
S <600 <15 ISpreadsheet based on Section 3.10.3.1 of American Association of State Highway and Transportation Officials
- — (AASHTO).
Table 20.3-1 Site Classifcation from ASCE Standard 7-10
Name Nave Soil Profile Type
W-207-20 17.1 D

AASHTO Average Blowcount 05.33R Site Class - AASHTO.xlIsx
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05.33R

WSDOT Bridge Design Manual
2014 Seismic Hazard Map, 7% probability of exceedance in 75 years

Site Coordinates (Latitude,Longitude): 47.5021° N, 122.196° W
Site Soil Classification: Site Class D - Stiff Soil

Seismic hazard maps are for sites at the boundary of Site Classes B and C, which is Vs = 2500 ft/s (760 m/s). Adjustments for

other Site Classes are made as needed.

Period| Sa

(sec) | (9)
0.0]0.432|PGA - Site Class B/C Boundary
0.2]0.985] S, - Site Class B/C Boundary

1.0]0.282| S, - Site Class B/C Boundary

Values of Site Coefficient, F for Peak Ground Acceleration

pga’
Site Class Mapped Peak Ground Acceleration Coefficient (PGA)
PGA< 0.10[PGA= 0.20|PGA= 0.30|PGA= 0.40|PGA= 0.50|PGA> 0.60
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.2 1.2 1.2 1.2 1.2
D 1.6 1.4 1.3 1.2 1.1 1.1
E 24 1.9 1.6 1.4 1.2 1.1

For Site Class D, Fpga =1.168

Values for Site Coefficient, Fa, for 0.2 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 0.2 sec (S,)

S,<0.25 | S;=0.50 | S;=0.75] S;=1.00 | S;=1.25 | S.>1.50
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.3 1.2 1.2 1.2 1.2
D 1.6 1.4 1.2 1.1 1.0 1.0
E 24 1.7 1.3 1.0 0.9 0.9

For Site Class D, Fa =1.106

Values of Site Coefficient, FV, for 1.0 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 1.0 sec (S,)

s,<01 | 8;=02 | s;=03 | 5;=04 [ s;=05 | s>06
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 0.8
C 1.5 1.5 1.5 1.5 1.5 1.4
D 24 2.2 2.0 1.9 1.8 1.7
E 4.2 3.3 2.8 24 2.2 2.0

For Site Class D, FV =2.036

As = Fogq PGA = (1.168)( 0.4329) = 0.505g
Sps = F, S, = (1.106)( 0.985g) = 1.090g
Spq =F, S, = (2.036)( 0.282g) = 0.575g

T, = 0.2T, = (0.2)( 0.527) = 0.105 sec

T, = Spy/Spg = (0.575)/( 1.090) = 0.527 sec

1/25/2021



05.33R

Partitions for Seismic Design Categories A, B, C, and D

SDl

SDC

Spy <0.15

0.15<Sp4 < 0.30

0.30 < Sp; < 0.50

0.50 < Sy,

ol O] w| >

Seismic Design Category (SDC) =D

Page 3 of 3

Period, T| Sa
(sec) | (@)

0.000]0.505

0.105]1.090| T

0.200]1.090

0.400]1.090

0.527]1.090| T

0.600]0.958

0.800]0.718

1.000]0.575|

1.200§0.479

1.400]0.410

1.600]0.359

1.800J0.319

2.000]0.287

2.200]0.261

2.400]0.239

2.600]0.221

2.800]0.205

3.000]0.192

3.200J0.180

3.400]0.169

3.600J0.160

3.800]0.151

4.000]0.144

1.200 _

o000

n, Sa

20.800
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=
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0.000
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General Information

Title Block Information

User Input gINT or User

Input

Fine -Grain Soil Susceptibility

PI Cutoff Value: 12

*You must hit "COMPUTE" again anytime you change any of the
blue or purple inputs. If the output tab is blank or has errors hit

Project: I-405/Renton to Bellevue Corridor Widening Line 1:| 1-405/Renton to Bellevue Corridor Widening
Project Location: King County, Washington Line 2: King County, Washington
Job Number: 00180-366-00
Boring Designation: W-207-20
Analysis by: YTT gINT Collection Information
Date Analyzed: 2/22/2021 P-Drive File Path to gINT
database:
Checked by: TB Boring Selected from
Database:
Date Checked: 3/9/2021
Residual Strength Weighting
Sampling Information 0.2
Depth to Groundwater (ft): 10.9 GW estimated 0.2
SPT Liner (Yes/No): No from H-3-65 ATD 0.0
Hammer Energy, %: 87 Kramer, Wang Hybrid (2008): 0.4
Distance from sample hammer to ground/mudline surface (ft): 5 Idriss et al. (1998): 0.2
Borehole Diameter (in) 8
Collect Data From gINT ‘ Automate %F from USCS
Earthquake Information )
Max Acceleration (g) : 0.505 Site Class D "COMPUTE" again.
- - ° COMPUTE
Earthquake Magnitude: 7.0 SEE Auto %F from WSDOT GDM ‘
. . ) Non-liquefiable (i.e.
SPT Sample Number Depth Measured N USCS Fines Content Geologic Unit/ Unit Weight (pcf) Pl "unstaturated", User Override*
(ft) (%) ESU (%) ’ o
cohesive",etc)
2.5 23 SM 37 ESU 1B 130 Unsaturated
5 37 SM 37 ESU 1B 130 Unsaturated
7.5 18 SM 34 ESU 1B 120 Unsaturated
10 12 SM 31 ESU 1B 115
15 2 CL 50 ESU 1C 115 Cohesive
20 3 CL 50 ESU 1C 115 Cohesive
25 2 CL 50 ESU 1C 115 Cohesive
30 29 SM 28 ESU 4B 130 Non-Liquefiable [Non-Liquefiable
35.0 76 SM 28 ESU 4B 130 Non-Liquefiable |Non-Liquefiable
40.0 115 SM 28 ESU 4B 130 Non-Liquefiable |Non-Liquefiable

*User Override
column is NOT
required to be
filled out, unless
needed. See
"Read Me" tab.



Liquefaction Analysis

Residual Shear Strength Analysis

Li faction F f Resi ISh h,
N1 60 'que acst:;;\tyactor ° Liquefaction-Induced Settlement (in) I('fI:)I N3 60 esidual S (epasrf)Strengt Sr
Idriss & Idriss & Idriss &
Fi Youd and Idri d Youd and Idri d Tokimatsu & Boul K & Boul Boul K &
SPT Sample Depth nes v .an rss an ou .an rss an oximatsu Ishihara & Idriss and Idriss and ou a.nger Olsen & Stark ramer i Olsen & Stark oy a_nger ou anger ramer | Idriss et al.
Number (ft) Measured N USscCs Content Idriss Boulanger Idriss Boulanger Seed Yoshimine Boulanger Boulanger Void (2002) Wang Hybrid WSDOT (2002) Void No Void Wang Hybrid (1998)
! (%) (2001) (2008) (2001) (2014) 8 g Distribution (2008) Redistribution|Redistribution (2008)

(2007) (2007) (2007)
2.5 23 SM 37 47 47 2.00 2.00 0.0 0.0 0.1 0.0 47.1 48.9 46.3 n.a. n.a. n.a. n.a. n.a. n.a.
5.0 37 SM 37 72 67 2.00 2.00 0.0 0.0 0.1 0.0 67.3 83.9 68.0 n.a. n.a. n.a. n.a. n.a. n.a.
7.5 18 SM 34 32 31 2.00 2.00 0.0 0.0 0.1 0.0 31.0 35.8 30.0 n.a. n.a. n.a. n.a. n.a. n.a.
10.0 12 SM 31 21 21 1.57 1.27 0.0 0.0 0.1 0.0 21.0 22.2 19.8 n.a. n.a. n.a. n.a. n.a. n.a.
15.0 2 CL 50 2.00 2.00 0.0 0.0 0.0 0.0 3.7 3.7 34 122 a0 119 123 114 175
20.0 3 CL 50 2.00 2.00 0.0 0.0 0.0 0.0 5.1 5.1 4.9 158 125 155 165 145 219
25.0 2 CL 50 2.00 2.00 0.0 0.0 0.0 0.0 3.2 3.2 3.1 135 112 151 155 126 160
30.0 29 SM 28 45 47 2.00 2.00 0.0 0.0 0.0 0.0 46.7 45.2 45.4 n.a. n.a. n.a. n.a. n.a. n.a.
35.0 76 SM 28 111 118 2.00 2.00 0.0 0.0 0.0 0.0 118.2 111.0 113.3 n.a. n.a. n.a. n.a. n.a. n.a.
40.0 115 SM 28 138 151 2.00 2.00 0.0 0.0 0.0 0.0 173.5 158.5 164.1 n.a. n.a. n.a. n.a. n.a. n.a.

Residual Strength Weighting Factors
Seismic Parameters WSDOT: 0 Liquefaction and Residual Shear Strength Analysis
Max Acceleration (g) : 0.505 Olsen & Stark (2002): 0.2 Results, W-207-20
Earthquake Magnitude: 7.00 Idriss & Boulanger Void Redistribution (2007): 0.2 I-405/Renton to Bellevue Corridor Widening
|driss & Boulanger No Void Redistribution (2007): 0 King County, Washington
Kramer, Wang Hybrid (2008): 04 G E
E NGINEER ”
Idriss et al. (1998): 0.2 O S




00180-366-00; Date Checked: 3/9/2021
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00180-366-00; Date Checked: 3/9/2021
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Lateral Earth Pressures for Cohesionless Soils

Project Information

Project: 1-405/Renton to Bellevue Corridor Widening
Owner: WSDOT
Job Number: 00180-366-01
Analysis by: YTT
Date/Time: 1/18/2022 9:30 AM
Checked by: TB
Input Parameters
¢ B2 () i(+) 3 ) B » » Passive K, K
Material Friction Angle| Foreslope | Backslope | Wall Friction - Active | Wall Friction - Passive | Wall Batter " ® Factor of Y
(deg) (deg) (deg) (deg) (deg) (deg) (pcf) (pcf) Safety ()] ()]
Common Borrow 32 0 17.5 0 0 10.8 120 57.6 1 0.253 0
Select Borrow 36 0 17.5 0 0 10.8 125 62.6 1 0.253 0
Gravel Borrow 38 0 17.5 0 0 10.8 130 67.6 1 0.253 0




Wall 05.55L

Lateral Earth Pressures

Output
Active Passive At Rest Apparent EP Trapezoid Seismic Seismic Pressure -
Material K, Ya Ya Ky Yol Y oal Yoe(al) ¥'peal) K, Yo Yo Single Tieback  Mult. Tiebacks', X Keo Yae Y'ae Kpe Rectangular
(pcf) (pcf) (pcf) (pcf) (pcf) (pcf) (pcf) (pcf) (psf* H) (pef) (pcf) (psf* H)
Common Borrow 0.49 58.74 28.19 2.68 321.39 154.27 571.32 274.23 0.47 56.41 27.08 58.74 58.74 1.04 125.11 60.05 4.76 33.19
Select Borrow 0.42 52.25 26.17 3.07 383.26 191.94 801.00 401.14 0.41 51.53 25.80 52.25 52.25 0.76 95.22 47.68 6.41 21.48
Gravel Borrow 0.39 50.18 26.09 3.29 427.31 222.20 978.48 508.81 0.38 49.96 25.98 50.18 50.18 0.69 89.66 46.62 7.53 19.74

Notes:

""X" to be used in the following equation:

X-

HZ

1.5H—0.5H, —0.5H,,,

where H, and H,., are represented by this diagram:

LN §

oo

[ Recommended Lateral Earth Pressures



Sliding Friction Coefficient

Soil Type o Cast-In-Place Precast

Concrete Concrete
Common Borrow 32 0.62 0.50
Select Borrow 36 0.73 0.58
Gravel Borrow 38 0.78 0.63
ESU 1B 36 0.73 0.58

Notes:
Sliding coefficients calculated according to AASHTO Equation 10.6.3.4-2

Cast-In-Place Concrete Coefficient of Friction:
Coefficient of friction = 1.0*tan(Phi')

Precast Concrete Coefficient of Friction:
Coefficient of friction = 0.8*tan(Phi')

AASHTO 10.6.3.4:

R, = CV tan ¢, (10.6.3.4-2)

for which:

C = 1.0 for concrete cast against soil
0.8 for precast concrete footing

where:
br = internal friction angle of drained soil

(degrees)
V = total vertical force (kips)




LRFD Foundation Design Spreadsheet Reference Section 10.6.3.1.2 of The 2014 AASHTO LRFD Bridge Design Specifications

Date/Time: 1/11/22 10:24 AM
Project Name: 1-405/Renton to Bellevue Corridor Widening
Project No.: 00180-366-01
Foundation Soil Conditions
Unit Weight, v (pcf) 120 (ESU 1B, Dense SM)
Friction angle, ® (degrees) 36
Friction angle, ® (rad) 0.628
Cohesion, C (psf) 0
Embedment, D (ft) 0
Depth to Groundwater, D, (ft) 10.9
Footing Length, L (ft) 85 (approx wall length)
Footing Width, B (ft) 1
Poissons Ration, v 0.35
Young's Modulus, Eg (ksf) 725

Bearing Capacity Factors

N, 56
N 51
Ng 38
Water Depth Factors Shape Factors Unfactored Extreme Event Resistance Working Bearing Resistance | SZiflfys\t;r; fsro:zalﬂzrs]gzt 32:5;';? fsm.-n;ai:rs]g;
Effective Footing Width. B Bearing Resistance Factor (0.8) for gravity and Resistance Factor (0.55) for gravity and P! p
gm gﬁ_\‘ Sc §¥ Sq Resistance semigravity walls (Section 11.5.8 AASHTO) semigravity walls (Table 11.5.7-1) 1" Deflection 2" Deflection
(ft) (ksf) (ksf) (ksf) (ksf) (ksf)
2.0 1.0 1.0 1.02 0.99 1.02 6.7 54 3.7 6.7 6.7
25 1.0 1.0 1.02 0.99 1.02 8.3 6.7 4.6 6.7 8.3
3.0 1.0 1.0 1.03 0.99 1.03 10.0 8.0 5.5 6.1 10.0
3.5 1.0 1.0 1.03 0.98 1.03 11.6 9.3 6.4 5.6 11.3
4.0 1.0 1.0 1.04 0.98 1.03 13.3 10.6 7.3 5.3 10.5
4.5 1.0 1.0 1.04 0.98 1.04 14.9 11.9 8.2 5.0 9.9
5.0 1.0 1.0 1.04 0.98 1.04 16.5 13.2 9.1 4.7 9.4
5.5 1.0 1.0 1.05 0.97 1.05 18.1 14.5 10.0 45 9.0
6.0 1.0 1.0 1.05 0.97 1.05 19.7 15.8 10.8 43 8.6

Note: Depth and inclination modifier were taken as 1 because the load is applied axially and during construction the soils above the footing are to be excavated.

05.33R - Shallow Foundation Capacity-Elastic Settlement_Validated 2014.xIsx



Wall 05.33R Bearing Resistance
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Factored Bearing Resistance (ksf)

2.0 25 3.0 3.5

4.0 4.5 5.0 55 6.0

Effective Footing Width (ft)

‘ —— Extreme Event — @- — Strength Limit State — B~ — Service Limit State; 1-inch settlement e==lll=== Service Limit state; 2-inch settlement‘
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000180-366-01 Date Exported: 08/06/21

Color | Name Model Unit Cohesion' | Phi’
Weight

D 1B Med. Dense to V. Dense | Mohr-Coulomb | 120 0 36
Coarse-Grained Fill

D 1C V. Soft to Med. Stiff/V. Mohr-Coulomb | 115 0 27
Loose to Loose Fine-Grained
Fill

D 4B Dense to V. Dense Mohr-Coulomb | 130 0 43
Sand/Gravel

. Barrier High Strength | 150

D Common Borrow Mohr-Coulomb | 120 0 32
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1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features
discussed in an attached document

3. GeoEngineers, Inc. cannot guarantee the accuracy and context of electronic files.
The master files is stored by GeoEngineers, Inc. and will serve as the official record
of this communication

Grade Separation Barrier 05.33R - Sta. 1+58
Static Global Stability (Spencer)

[-405/ Renton to Bellevue Corridor Widening
King County, Washington

GEOENGINEERS /j




000180-366-01 Date Exported: 08/06/21

Color | Name Model Unit Cohesion' | Phi’
Weight

D 1B Med. Dense to V. Dense | Mohr-Coulomb | 120 0 36
Coarse-Grained Fill

D 1C V. Soft to Med. Stiff/V. Mohr-Coulomb | 115 0 27
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1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features
discussed in an attached document

3. GeoEngineers, Inc. cannot guarantee the accuracy and context of electronic files.
The master files is stored by GeoEngineers, Inc. and will serve as the official record
of this communication

Grade Separation Barrier 05.33R - Sta. 1+58
Static Global Stability (M-P)

[-405/ Renton to Bellevue Corridor Widening
King County, Washington
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Appendix D
Wall 05.55L Calculations

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, Walls 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83
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APPENDIX D - WALL 05.55L CALCULATIONS

General
This appendix presents geotechnical calculations for Wall 05.55L including:

ESU Soil Properties

Seismic Hazard Analysis

Lateral Earth Pressures

Coefficients of Friction for Sliding
Bearing Resistance and Elastic Settlement
Global Stability

ESU Soil Properties

Design soil properties were developed in accordance with the Project GDM, AASHTO LRFD, and FHWA. We calculated the
average, geometric mean, and standard deviation within each ESU. We verified the reliability of the ESU data set by
comparing the COV of each calculated geometric mean value to measured and interpreted values presented in Sabatini et al.
(2002) Table 52.

A detailed description of the soil property development is presented in Section 7.1 of this geotechnical engineering report.
Supporting calculations are provided in this appendix.

Seismic Hazard Analysis

We selected a representative site class for the wall from the site class evaluation of nearby borings. We evaluated the site class
of each boring using a spreadsheet developed by GeoEngineers in accordance with AASHTO LRFD Section 3.10.3.1.

We developed seismic design parameters using the WSDOT Bridge Engineering Software BEToolbox/BridgeLink in
accordance with the WSDOT BDM based on the projected ground motion at the project site that has a 7 percent (SEE)
probability of exceedance in a 75-year period (approximate 1,000-year return period).

We used a mean earthquake magnitude at the PGA period is 7.0 for the SEE based on the Hart Crowser seismic design report
“I-405 R2B Segment 1a Site-Specific Hazard Analysis RFU,” dated March 25, 2021.

The soil samples at Wall 05.55L are unsaturated and calculated N1e values are greater than 25 blows per foot. By inspection,
liquefaction potential is low. We confirmed our low liquefaction risk assumptions by evaluating liquefaction potential using a
spreadsheet developed by GeoEngineers in accordance with Project GDM Chapter 6. The FSs against liquefaction at Wall
05.55L were greater than 1.2 for all soil analyzed; per Project GDM Section 6-4.2.3, soils with liquefaction potential are
defined as those with FSs against liquefaction less than 1.2.

Detailed descriptions of our seismic hazard analysis methodology and the results are presented in Section 7.2 and Section 8.1,
respectively, of this report. Site class calculations, WSDOT BDM software outputs, and liquefaction analyses are provided in
this appendix.

Lateral Earth Pressures

Active lateral pressure coefficients and active lateral earth pressures for imported common borrow, select borrow, and gravel
borrow were calculated in accordance with AASHTO LRFD Sections 3.11.5 and 11.6.5.3 using the proposed horizontal
backslope behind the wall, and the 3.7H:1V foreslope in front of the wall. Lateral earth pressures shall be applied using a
triangular distribution. An LRFD load factor of 1.5 shall be applied to the active earth pressures in accordance with AASHTO
LRFD Table 3.4.1-2. Due to negligible embedment of the wall and a foreslope condition, passive lateral earth pressures shall
be ignored.

Surcharge loads, such as traffic loading, and appropriate load factors shall be applied to evaluate the wall stability. All
surcharges shall apply load factors in accordance with AASHTO LRFD Tables 3.4.1-1 and 3.4.1-2.

A detailed description of our analysis methodology and the calculated results are presented in Section 7.3 and Section 8.2,
respectively. Supporting calculations are provided in this appendix.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, Walls 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Coefficients of Friction for Sliding

Coecfficients of friction for sliding on surficial native soils, common borrow, select borrow, and gravel borrow were calculated
using AASHTO LRFD equation 10.6.3.4-2.

A detailed description of our analysis methodology and the results are presented in Section 7.4 and Section 8.3, respectively, of
this report. Supporting calculations are provided in this appendix.

Bearing Resistance and Elastic Settlement

We estimated the bearing resistance and elastic settlement of the wall using a spreadsheet developed by GeoEngineers in
accordance with AASHTO LRFD Section 10.6.3. We estimated elastic settlement from procedures outlined in AASHTO
LRFD and Section 10.6.2.4. Sliding and overturning are being evaluated by the design-build team’s wall designers and will be
submitted under separate cover.

A detailed description of our analysis methodology and the results are presented in Section 7.5 and Section 8.4, respectively, of
this report. Supporting calculations are provided in this appendix.

Global Stability
We performed global stability analyses for the following critical design section:
e  Section Sta. 1+50 — Maximum overall wall height

Global stability was evaluated using limit equilibrium analysis methodology outlined in the Project GDM using the computer
design software Slope/W (Geo Slope International, Ltd. 2020). We analyzed FSs using Spencer’s method and Morgenstern-
Price for a circular failure surface.

A traffic surcharge of 250 psf was applied at the top of the wall for the static global stability analysis.

Based on criteria outlined in the Hart Crowser RFU geotechnical letter “Design Requirements and Geotechnical Assessment of
Retaining Walls” dated January 26, 2021, the MADTL for Wall 05.55L is less than the distance between the wall and the travel
lane, and therefore additional improvements are not required since seismic failure of the wall will not severely impact the
traveled way or compromise the life safety of the public. Accordingly, we did not analyze seismic stability of Wall 05.55L.

Detailed descriptions of our global stability analysis methodology and the results of our analyses are presented in Section 7.8
and Section 8.6, respectively, of this report. Global stability models showing FS for critical failures at the design section are
provided in this appendix. Slope/W reports are provided in Appendix J.

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, Walls 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Plan, Profile and Sections
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Appendix D.2 - Wall 05.55L
ESU Soil Property Calculations




Soil Properties Summary

05.55L

Plasticit . . . Full
Total No. of Fines ® Ind;xl Y Raw N N60f (Nl)eof Total Unit Effective Friction Sof:erzled Effective | Residual | Residual Shear Undrained Shear
ESU Description ' USCS ¢ % ’ bpf bpf bpf Weight & (pcf) |Angle, &' " (de ~ ¢ (psf) | b X (deg) | Strength, Sr (psf) | Strength, Su (psf
p samples " (%) PI® (%) (bpf) (bpf) (bpf) ght * (pcf) gle, &' " (deg) ' (deg) (psf) [¢' " (deg) g (psf) g (psf)
Value Value Value | Value | cov ? | Value | cov ? | Value | cov ? | Value | cov *® Value Value Value Value Value Ccov
Medi D toV D
1B edium Dense fo Very Lense SM 26 - 37 49 | 16% | 66 | 27% | 130 | 0% 40 3% - ; ; - - -
Coarse-Grained Fill
4B Dense to Very Dense Sand/Gravel SM 40 - 33 54 33% 51 33% 120 10% 43 3% - - - - - -
Notes:

a. Coefficient of Variation (COV) percentage calculated to verify the variability and reliability of sample data within ESU (WSDOT GDM Section 5.11.2 (2015)). Calculated COV percentage compared to ranges presented in Table 52

(Sabatini et al. 2002) (below).
b. Number of samples excludes outliers.

¢. Predominant USCS classification of all samples in ESU. Sandstone, where encountered, denoted as (SS).

d. Fines content percentage calculated as the geometric mean of all samples, whose values were determined through lab testing or estimated from field classification.
e. For coarse-grained ESUs, the plasticity index was estimated from the fine-grained portion of the soil. For fine-grained ESUs, if lab data is limited, the plasticity index may not be representative of the overall soil unit.
f. Corrected blow counts (Ngy and (N;)g,) were calculated following WSDOT GDM Section 5.5 (2015).
g. Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu (2001), as specified in WOOD SPM. The geometric mean of the unit weights was
rounded to the nearest 5pcf, as specified in WOOD SPM. Unit weight data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

h. Design friction angles were selected by considering fines content. Friction angle data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

i. Where applicable, fully softened friction angle was estimated following WSDOT GDM, Figure 5-7 (After Stark and Hussain, 2013).
j- Where applicable, effective cohesion was calculated using Equations 6 through 8 in the WOOD Geotechnical SPM.

k. Where applicable, residual friction angle (to be used for slope stability evaluation) was estimated following WSDOT GDM, Figure 5 -5 (After NAVFAC, 1971).

GeoEngineers, Inc.

Measured or interpreted parameter value Coefficient of Variation, V
(7o)
Unit weight, y 3to7%
Buoyant unit weight, v, Oto 10 %
Effective stress friction angle, ¢’ 2013 %
Undrained shear strength, s, 13 to 40 %
Undrained strength ratio (s,/a.') 5t015%
Compression index, C, 10 to 37 %
Preconsolidation stress, o, 10 to 35 %
Hydraulic conductivity of saturated clay, k 08 to 90 %
Hydraulic conductivity of partly-saturated clay. k 130 to 240 %
Coefficient of consolidation, c, 33to 68 %
Standard penetration blowcount, N 15to 45 %
Electric cone penetration test, g 5to15%
Mechanical cone penetration test, . 15t0 37 %
Vane shear test undrained strength, s,vs1 10 to 20 %

Source: Table 52 (Sabatini et al. 2002)




ESU Name: ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

pI? & & Sat. Unit Su sr
N e (e * (tab) = = Weight ) =)
37 49 66 26 - 44 39 130 - -
Average: 37 50 67 26 - 44 39 130 - -
St. Dev.: 6.7 8.0 18.3 - - 1.1 1.1 0.0 - -
cov: 0.18 0.16 0.27 - - 0.02 0.03 0.00 - -
Boring Elevation N Neo (NaJeo %E® B (h?;h) (I:’w) Sation S0 sr® uscs Explanation for Sample Removal
(Lab) (deg) (deg) Weight (psf) (psf)
W-215-20 168.7 6 58 9 30 - 45 2 130 - - BY
W21520 166.2 32 3 59 27 - 3 38 130 - - BY
W-21520 163.7 32 a3 53 23 - a3 38 130 - - Y
W-215-20 1612 39 55 64 23 - a3 38 130 - - sm

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained shear strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties or using the average of two tested samples

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20, uses the
residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.




ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

1. Check N160 COV is between 15 and 45%

Selected Design N160: 66
Coefficient of Variation (COV): 0.27
* 15 and 45% come from GEC 5 Sabatini (2002)
2. Check Phi' is between 2 to 13% WSDOT GDM Table 5-1
icti SPT (N,)¢, Vs drained friction angle ¢ (degrees
(N1)so (blows per foot) Friction angle ¢ (N1)o gle ¢ (deg )
(degrees) ]
2.5 25 o y =4.236In(x) + 25.903
2.5 30 %" 40 R?=0.9924,
4 27 g 35 y = 4.236ln(x) +20.903
4 32 > 20 R?=0.9924
10 30 e
10 35 225
30 35 £
20
30 40 0 10 20 30 40 50 60
28 zi (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) b (avg) ¢' COV
GeoMean: 44 39 41 0.03
Selected Design Phi' (deg): 40 |

Notes on Selection:

The fines content test data is representative of the ESU. The estimated fines content is 26% (geomean). The friction angle is interpolated based on
fines content (phi' (high) at 5% fines, and phi' (low) at 30% fines).

Pick Representative USCS:

SM *Using Predominant USCS Classification

Pick Representative Unit Weight:

130

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set
COV was 0%.




ESU 1B - Medium Dense to Very Dense Coarse-Grained Fill

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)
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ESU Name: ESU 4B - Dense to Very Dense Sand/Gravel

GeoMean: 33 54 51 40 - 43 38 120 - -
Average: 35 56 52 47 - 43 38 120 - -
St. Dev.: 11.8 18.4 17.5 - - 13 13 11.5 - -
cov: 0.34 033 033 - - 0.03 0.03 0.10 - -
%' %' q 4
Pl Sat. Unit S
Boring Elevation N Ngo (Ny)eo %E > (high) (low) 2 R n u & uscs Explanation for Sample Removal
(Lab) Weight (psf) (psf)
(deg) (deg)
W-215-20 156.2 23 36 38 72 - 41 36 110 - - ML
W-215-20 151.2 51 81 78 23 - 44 39 130 - - SM
W-215-20 146.2 34 54 49 23 - 42 37 130 - - SM
W-215-20 141.2 31 52 45 70 - 42 37 110 - - ML

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.
2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained shear strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.
3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties or using the average of two tested samples

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 4B - Dense to Very Dense Sand/Gravel

1. Check N160 COV is between 15 and 45%

Selected Design N160:

51

Coefficient of Variation (COV):

0.33

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13%

(N4)so (blows per foot)

Friction angle ¢

WSDOT GDM Table 5-1
SPT (N;)go Vs drained friction angle ¢ (degrees)

(degrees) ]
2.5 25 o y =4.236In(x) + 25.903
oo 40 2_
2.5 30 ) R?=0.9924,
©
4 27 g 35 y = 4.236ln(x) +20.903
4 32 w R? = 0.9924
< 30
10 30 c
10 35 225
30 35 £
20
30 40 10 20 30 40 50
28 zi (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) b (avg) ¢' COV
GeoMean: 43 38 40 0.03
Selected Design Phi' (deg): 43 |

60

Notes on Selection:

The estimated geomean fines content is 40% (geomean). The friction angle is taken as the upper bound and capped at 43 degrees for glacially
consolidated material with fines content less than 70%.

Pick Representative USCS:

SM

Pick Representative Unit Weight:

120

*Using Predominant USCS Classification

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 10%.




ESU 4B - Dense to Very Dense Sand/Gravel

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)

50

45

40

35
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25

20

100

80

60

40

20

) - - - - - - - - ) - - - - - - - - - - - - - - - - - - - - - s e - - - - - . . - - - -
R N R R R R IR~
[ ]
i °
[}
o o o o o o o o o
0 ~ o wn < o0 ~ — o
3 5 3 2 3 o S b5 E]
(1) uonena|3
°
g gy P g gy g g g g g g g S g g g g g
°
°
o o o o o o o o o
3 R 3 3 S 2 ] 3 8
E 5 3 B 3 Q g b= S
(1) uonens|3

Phi' (High)

- o o A -1std

e e Average

= = = = Average+1std

= e e Average - 1std

== = Average

= e oA +1std

Phi' (Low)

*See sample table for explanation for removing specified samples if applicable



SECTION 10 - FOUNDATIONS

The coefficient of consolidation, ¢, should be determined from the results of one-
dimensional consolidation tests. The variability in laboratory determination of ¢, results
should be considered in the final selection of the value of ¢, to be used for design.

Where evaluation of elastic settlement is critical to the design of the foundation or
selection of the foundation type, in-situ methods such as PMT or DMT for evaluating the
modulus of the stratum should be used.

ESU 1B Medium Dense to Very
Dense Coarse-Grained Fill

Es = 800 ksf = 5.56 ksi
Poisson's Ratio = 0.40

Page 11 of 87

A profile of 6,’, or OCR = 0,'/0,’, with depth should be developed for the site for
design applications where the stress history could have a significant impact on the
design properties selected and the performance of the foundation. As with consolidation
properties, an upper and lower bound profile should be developed based on laboratory
tests and plotted with a profile based on particular in-situ test(s), if used. It is
particularly important to accurately compute preconsolidation stress values for relatively
shallow depths where in-situ effective stresses are low. An underestimation of the
preconsolidation stress at shallow depths will result in overly conservative estimates of
settlement for shallow soil layers.

Due to the numerous simplifying assumptions associated with conventional
consolidation theory, on which the coefficient of consolidation is based, it is unlikely
that even the best estimates of ¢, from high-quality laboratory tests will result in
predictions of time rate of settlement in the field that are significantly better than a
prediction within one order of magnitude. In general, the in-situ value of ¢, is larger
than the value measured in the laboratory test. Therefore, a rational approach is to
select average, upper, and lower bound values for the appropriate stress range of
concern for the design application. These values should be compared to values obtained
from previous work performed in the same soil deposit. Under the best-case conditions,
these values should be compared to values computed from measurements of excess
pore pressures or settlement rates during construction of other structures.

CPTu tests in which the pore pressure dissipation rate is measured may be used to
estimate the field coefficient of consolidation.

For preliminary analyses or where accurate prediction of settlement is not critical,
values obtained from correlations to index properties presented in Sabatini et al. (2002)
may be used.

For preliminary design or for final design where the prediction of deformation is not
critical to structure performance, i.e., the structure design can tolerate the potential
inaccuracies inherent in the correlations. The elastic properties (£s, V) of a soil may be
estimated from empirical relationships presented in Table C10.4.6.3-1.

The specific definition of £s is not always consistent for the various correlations and
methods of in-situ measurement. See Sabatini et al. (2002) for additional details
regarding the definition and determination of £s.

An alternative method of evaluating the equivalent elastic modulus using measured
shear wave velocities is presented in Sabatini et al. (2002).

Table C10.4.6.3-1—Elastic Constants of Various Soils (modified after U.S.
Department of the Navy, 1982; Bowles, 1988)

Typical Range of Young’s Modulus Poisson’s Ratio, v
Soil Type Values, £s (ksi) (dim)
Clay:
Soft sensitive
?tief‘fji”m stiff to 0.347-2.08 0.4-0.5 (undrained)
2.08-6.94
Very stiff 6.94-13.89
Loess 2.08-8.33 0.1-0.3
Silt 0.278-2.78 0.3-0.35
Fine Sand:
Loose 1.11-1.67 0.25
Medium dense 1.67-2.78
Dense 2.78-4.17
Sand:
Loose 1.39-4.17 0.20-0.36
Medium dense 4.17-6.94
Dense 6.94-11.11 0.30-0.40
Gravel:
Loose 4.17-11.11 0.20-0.35
Medium dense 11.11-13.89
Dense 13.89-27.78 0.30-0.40
Estimating £s from SPT N Value
Soil Type Es (ksi)
Silts, sandy silts, slightly cohesive mixtures 0.056 Meo
Clean fine to medium sands and slightly silty sands 0.097 Meo
Coarse sands and sands with little gravel 0.139 Meo
Sandy gravel and gravels 0.167 Meo
Estimating £s from g, (static cone resistance)
Sandy soils 0.028¢c

The modulus of elasticity for normally consolidated granular soils tends to increase
with depth. An alternative method of defining the soil modulus for granular soils is to
assume that it increases linearly with depth starting at zero at the ground surface in
accordance with the following equation:

E =nhxz (C10.4.6.3-1)

where:

http://Irfdus.digital .transportation.org/LRFDUS/7/LRFDUS-7/Irfdus-7_sect10/Irfdus-7_sect... 2/5/2021



Appendix D.3 - Wall 05.55L
Design Calculations




AASHTO Average Blowcount in Upper 100 feet

AASHTO Average Blowcount

W-215-20
Energy
Corrected Layer
Field Blowcount, | thickness d;
Depth | Blowcount N; (feet) Sum(d;) di/N; Sum(di/N;) Nave
2.5 46 67 3.75 100 0.06 2.1622 46.3
5 32 46 2.5 0.05
7.5 32 46 2.5 0.05
10 39 57 3.75 0.07
15 23 33 5 0.15 Driving Energy 87%
20 51 74 5 0.07
25 34 49 5 0.10
30 31 45 72.5 1.61
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
End of Data
Soil Profile Type Vs (fps) N
Sa >5000 N/A Note:
Se 2,500 to 5,000 Blowcount Percent (Energy is input BC/60). This spreadsheet approximates the layer thickness based on a function with
Sc 1,200 to 2,500 >50 depth, however, depending on the layering of the log, it may be necessary for the user to input their own layer thicknesses
Sp 600 to 1,200 15<N<50 (i.e., clay layer extends at 7.5 ft and the blowcounts need to be weighted to reflect that thickness).
Se <600 <15 S::asal‘:ingeet based on Section 3.10.3.1 of American Association of State Highway and Transportation Officials
Table 3.10.3.1-1—Site Class Definitions from AASHTO ¢ .
Name Nave Soil Profile Type
W-215-20 46.3 D Password Average_Blow_Count

05.55L Site Class - AASHTO.xIsx
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Page 2 of 3

05.55L

WSDOT Bridge Design Manual
2014 Seismic Hazard Map, 7% probability of exceedance in 75 years

Site Coordinates (Latitude,Longitude): 47.5054° N, 122.198° W
Site Soil Classification: Site Class D - Stiff Soil

Seismic hazard maps are for sites at the boundary of Site Classes B and C, which is Vs = 2500 ft/s (760 m/s). Adjustments for

other Site Classes are made as needed.

Period| Sa

(sec) | (9)
0.0]0.433|PGA - Site Class B/C Boundary
0.2]0.986] S, - Site Class B/C Boundary

1.0]0.283| S, - Site Class B/C Boundary

Values of Site Coefficient, F for Peak Ground Acceleration

pga’
Site Class Mapped Peak Ground Acceleration Coefficient (PGA)
PGA< 0.10[PGA= 0.20|PGA= 0.30|PGA= 0.40|PGA= 0.50|PGA> 0.60
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.2 1.2 1.2 1.2 1.2
D 1.6 1.4 1.3 1.2 1.1 1.1
E 24 1.9 1.6 1.4 1.2 1.1

For Site Class D, Fpga =1.167

Values for Site Coefficient, Fa, for 0.2 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 0.2 sec (S,)

S,<0.25 | S;=0.50 | S;=0.75] S;=1.00 | S;=1.25 | S.>1.50
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.3 1.2 1.2 1.2 1.2
D 1.6 1.4 1.2 1.1 1.0 1.0
E 24 1.7 1.3 1.0 0.9 0.9

For Site Class D, Fa =1.106

Values of Site Coefficient, FV, for 1.0 sec Period Spectral Acceleration

Site Class|Mapped Spectral Acceleration Coefficient at Period 1.0 sec (S,)

s,<01 | 8;=02 | s;=03 | 5;=04 [ s;=05 | s>06
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 0.8
C 1.5 1.5 1.5 1.5 1.5 1.4
D 24 2.2 2.0 1.9 1.8 1.7
E 4.2 3.3 2.8 24 2.2 2.0

For Site Class D, FV =2.035

As = Fogq PGA = (1.167)( 0.433g) = 0.505g
Sps = F, S, = (1.106)( 0.986g) = 1.090g
Spq =F, S, = (2.035)( 0.283g) = 0.575g

T, = 0.2T = (0.2)( 0.528) = 0.106 sec

T, = Spy/Spg = (0.575)/( 1.090) = 0.528 sec

1/25/2021



05.55L

Partitions for Seismic Design Categories A, B, C, and D

SDl

SDC

Spy <0.15

0.15<Sp4 < 0.30

0.30 < Sp; < 0.50

0.50 < Sy,

ol O] w| >

Seismic Design Category (SDC) =D

Page 3 of 3

Period, T| Sa
(sec) | (@)

0.000]0.505

0.106]1.090| T

0.200]1.090

0.400]1.090

0.5281.090| T

0.600]0.959

0.800]0.719

1.000]0.575|

1.200§0.479

1.400]0.411

1.600]0.359

1.800J0.320

2.000]0.288

2.200]0.261

2.400]0.240

2.600]0.221

2.800]0.205

3.000]0.192

3.200J0.180

3.400]0.169

3.600J0.160

3.800]0.151

4.000]0.144

1.200 _

o000

n, Sa

20.800

Accelerati

0.600

ponse Spectral
=
(==
o

Res
=]
[
=
o

0.000

Design Response Spectrum

\

0.000

0.500

1.000

1.500 2.000 2500 3.000
Period, T (sec)

3.500

4.000

1/25/2021



blue or purple inputs. If the output tab is blank or has errors hit

General Information Title Block Information User Input gINT or User
Project: I-405/Renton to Bellevue Corridor Widening Line 1:| 1-405/Renton to Bellevue Corridor Widening Input
Project Location: King County, Washington Line 2: King County, Washington
Job Number: 00180-366-01
Boring Designation: W-215-20
Analysis by: BZ gINT Collection Information Fine -Grain Soil Susceptibility
: P-Drive File Path to gINT
Date Analyzed: 1/27/2021 nvedalteab:se: og Pl Cutoff Value: 12
Checked by: YT Boring Selected from
Database:
Date Checked: 3/10/2021
Residual Strength Weighting
Sampling Information 0.2
Depth to Groundwater (ft): 31 GW observed 0.2
SPT Liner (Yes/No): No ATD 0.0
Hammer Energy, %: 87 Kramer, Wang Hybrid (2008): 0.4
Distance from sample hammer to ground/mudline surface (ft): 5 Idriss et al. (1998): 0.2
Borehole Diameter (in) 8
*You must hit "COMPUTE" again anytime you change any of the
Collect Data From gINT Automate %F from USCS

Earthquake Information

Max Acceleration (As) (g) : 0.505 Site Class D "COMPUTE" again.
- = ° COMPUTE
Earthquake Magnitude: 7.00 SEE Auto %F from WSDOT GDM ‘
. N Non-liquefiable (i.e. *User Override
SPT Sample Number D(e]%th Measured N USCS Fmes(g(;ntent GeOIOlfSI(Gumt/ Unit Weight (pcf) (;I) "unstaturated", User Override* column is NOT
(0] (0] .
"cohesive",etc) required to be

2.5 46 SM 30 ESU 1B 130 Unsaturated filled out, unless

5.0 32 SM 27 ESU 1B 120 Unsaturated needed. See

7.5 32 SM 23 ESU 1B 120 Unsaturated "Read Me" tab

10.0 39 SM 23 ESU 1B 125 Unsaturated '

15.0 23 ML 72 ESU 4B 110 Non-Liquefiable |Non-Liquefiable

20.0 51 SM 23 ESU 4B 130 Non-Liquefiable |Non-Liquefiable

25.0 34 SM 23 ESU 4B 120 Non-Liquefiable [Non-Liquefiable

30.0 31 ML 70 ESU 4B 110 Non-Liquefiable [Non-Liquefiable




Liquefaction Analysis

Residual Shear Strength Analysis

Li faction F f Resi ISh h,
N1 60 'que acst:;;\tyactor ° Liquefaction-Induced Settlement (in) I('fI:)I N3 60 esidual S (epasrf)Strengt Sr
Idriss & Idriss & Idriss &
Fi Youd and Idri d Youd and Idri d Tokimatsu & Boul K & Boul Boul K &
SPT Sample Depth nes v .an rss an ou .an rss an oximatsu Ishihara & Idriss and Idriss and ou a.nger Olsen & Stark ramer i Olsen & Stark oy a_nger ou anger ramer | Idriss et al.
Number (ft) Measured N USscCs Content Idriss Boulanger Idriss Boulanger Seed Yoshimine Boulanger Boulanger Void (2002) Wang Hybrid WSDOT (2002) Void No Void Wang Hybrid (1998)
! (%) (2001) (2008) (2001) (2014) 8 g Distribution (2008) Redistribution|Redistribution (2008)

(2007) (2007) (2007)
2.5 46 SM 30 94 94 2.00 2.00 0.0 0.0 0.0 0.0 94.2 97.8 92.6 n.a. n.a. n.a. n.a. n.a. n.a.
5.0 32 SM 27 63 59 2.00 2.00 0.0 0.0 0.0 0.0 58.8 72.6 59.4 n.a. n.a. n.a. n.a. n.a. n.a.
7.5 32 SM 23 57 53 2.00 2.00 0.0 0.0 0.0 0.0 53.1 64.6 53.8 n.a. n.a. n.a. n.a. n.a. n.a.
10.0 39 SM 23 68 64 2.00 2.00 0.0 0.0 0.0 0.0 63.7 72.3 64.3 n.a. n.a. n.a. n.a. n.a. n.a.
15.0 23 ML 72 39 38 2.00 2.00 0.0 0.0 0.0 0.0 38.2 39.6 37.9 n.a. n.a. n.a. n.a. n.a. n.a.
20.0 51 SM 23 76 78 2.00 2.00 0.0 0.0 0.0 0.0 77.8 75.3 75.6 n.a. n.a. n.a. n.a. n.a. n.a.
25.0 34 SM 23 45 49 2.00 2.00 0.0 0.0 0.0 0.0 49.0 45.0 46.4 n.a. n.a. n.a. n.a. n.a. n.a.
30.0 31 ML 70 39 45 2.00 2.00 0.0 0.0 0.0 0.0 45.0 39.7 41.7 n.a. n.a. n.a. n.a. n.a. n.a.

Residual Strength Weighting Factors
Seismic Parameters WSDOT: 0 Liquefaction and Residual Shear Strength Analysis
Max Acceleration (As) (g):  0.505 Olsen & Stark (2002): 0.2 Results, W-215-20
Earthquake Magnitude: 7.00 Idriss & Boulanger Void Redistribution (2007): 0.2 I-405/Renton to Bellevue Corridor Widening
|driss & Boulanger No Void Redistribution (2007): 0 King County, Washington
Kramer, Wang Hybrid (2008): 0.4 G E /‘
\driss et al. (1998): 0.2 EOENGIN EERSJ




00180-366-01; Date Checked: 3/10/2021

Depth (ft)

Subsurface Profile
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Factor of Safety Against Liquefaction
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={F=="Youd and Idriss (2001)

=t |driss and Boulanger (2008)

Factor of Safety Against Liquefaction,

W-215-20

I-405/Renton to Bellevue Corridor Widening
King County, Washington
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00180-366-01; Date Checked: 3/10/2021
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Subsurface Profile
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Lateral Earth Pressures for Cohesionless Soils

Wall 05.55L

Project Information

Project: 1-405/Renton to Bellevue Corridor Widening
Owner: WSDOT
Job Number: 00180-366-01
Analysis by: YTT
Date/Time: 1/12/2022 11:40 AM
Checked by: TB
Input Parameters
[0} Bz (-) i(+) 14} 5 B v v Passive Ky K
Material Friction Angle| Foreslope | Backslope | Wall Friction - Active | Wall Friction - Passive | Wall Batter " ° Factor of Y
(deg) (deg) (deg) (deg) (deg) (deg) (pcf) (pcf) Safety ()] ()]
Common Borrow 32 -15 0 21 0 0 120 57.6 1 0.253 0
Select Borrow 36 -15 0 24 0 0 125 62.6 1 0.253 0
Gravel Borrow 38 -15 0 25 0 0 130 67.6 1 0.253 0




Wall 05.55L

Lateral Earth Pressures

Output
Active Passive At Rest Apparent EP Trapezoid Seismic Seismic Pressure -
Material K, Va Ya Ky Yocalh Vel Yoe(al) Ypeal) K, Yo Yo Single Tieback  Mult. Tiebacks', X Keo Yae Yae Kpe Rectangular
(pcf) (pch) (pef) (pcf) _ (pcf) (pcf) (pcf) (pcf) (psf* H) (pcf) (pcf) (psf* H)
Common Borrow 0.28 33.00 15.84 2.00 240.13 115.26 571.32 274.23 0.47 56.41 27.08 33.00 33.00 0.48 57.47 27.59 4.76 12.23
Select Borrow 0.23 29.36 14.70 2.30 287.97 144.21 801.00 401.14 0.41 51.53 25.80 29.36 29.36 0.42 52.60 26.34 6.41 11.62
Gravel Borrow 0.22 28.18 14.65 247 321.67 167.27 978.48 508.81 0.38 49.96 25.98 28.18 28.18 0.39 51.33 26.69 7.53 11.58

[ Recommended Lateral Earth Pressures




Sliding Friction Coefficient
Soil Type @' Cast-In-Place Concrete
Common Borrow 32 0.62
Select Borrow 36 0.73
Gravel Borrow 38 0.78
ESU 1B 40 0.84

Notes:
Sliding coefficients calculated according to AASHTO Equation 10.6.3.4-2

Cast-In-Place Concrete Coefficient of Friction:
Coefficient of friction = 1.0*tan(Phi')

AASHTO 10.6.3.4:

R, = CV 1an ¢f (10.6.3.4-2)

T
for which:

C = 1.0 for concrete cast against soil
= 0.8 for precast concrete footing

where:
Or = internal friction angle of drained soil

(degrees)
V = total vertical force (kips)



LRFD Foundation Design Spreadsheet Reference Section 10.6.3.1.2 of The 2014 AASHTO LRFD Bridge Design Specifications

Date/Time: 1/11/22 10:25 AM

Project Name: 1-405/Renton to Bellevue Corridor Widening - Wall 05.55L

Project No.: 00180-366-01
Foundation Soil Conditions

Unit Weight, y (pcf) 130 (ESU 1B)

Friction angle, ® (degrees) 40

Friction angle, ® (rad) 0.698

Cohesion, C (psf) 0

Embedment, D (ft) 2

Depth to Groundwater, D, (ft) 26

Footing Length, L (ft) 130

Footing Width, B (ft) 1

Poissons Ration, v 0.40

Young's Modulus, Eg (ksf) 800

Bearing Capacity Factors

N, 109
N 75
Ny 64
Water Depth Factors Shape Factors Unfactored Extreme Event Resistance Working Bearing Resistance | SD?JIecticn: gom Ifjlars]tict SDTJIectior; fsrom F;jlastict
Effective Footing Width. B Bearing Resistance Factor (0.8) for gravity and Resistance Factor (0.55) for gravity and ettement Spreadshee! ettement Spreadshee!
gm gﬁ_\‘ Sc §¥ Sq Resistance semigravity walls (Section 11.5.8 AASHTO) semigravity walls (Table Table 11.5.7-1) 1" Deflection 2" Deflection
(ft) (ksf) (ksf) (ksf) (ksf) (ksf)
3.0 1.0 1.0 1.02 0.99 1.02 38.2 30.5 21.0 5.7 11.3
4.0 1.0 1.0 1.03 0.99 1.03 45.2 36.2 24.9 4.9 9.8
5.0 1.0 1.0 1.03 0.98 1.03 52.2 41.8 28.7 44 8.8
6.0 1.0 1.0 1.04 0.98 1.04 59.2 474 32.6 4.0 8.0
7.0 1.0 1.0 1.05 0.98 1.05 66.2 52.9 36.4 3.7 7.4
8.0 1.0 1.0 1.05 0.98 1.05 73.0 58.4 40.2 3.5 6.9
9.0 1.0 1.0 1.06 0.97 1.06 79.9 63.9 43.9 33 6.5
10.0 1.0 1.0 1.07 0.97 1.06 86.7 69.4 47.7 3.1 6.2
11.0 1.0 1.0 1.07 0.97 1.07 93.5 74.8 51.4 3.0 5.9

Note: Depth and inclination modifier were taken as 1 because the load is applied axially and during construction the soils above the footing are to be excavated.

Wall 05.55L - Shallow Foundation Capacity-Elastic Settlement_Validated 2014.xIsx



Wall 05.55L Bearing Resistance
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Cast-in-Place or Precast Wall

Assumed Deformation Profile

|<7MADTL=‘I1.9ﬂ4—| ‘

1ﬂ]

|

MADTL = (5-1)/5 * H/(tang)

Assumed Failure Geometry

Wall 05.55L
H =5 feet

¢ = 32 degrees
Shoulder width = 8 feet

= 6.4 feet < 8-foot shoulder
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*

MADTL = Minimum Allowable Distance to Travel Lane = HH

Where:

tan(@)

@ = Internal friction angle of wall backfill material (assume 34 degrees if unknown)
B = distance from wall face to back edge of wall footing or reinforced zone

H = exposed height of wall

NOT TO SCALE

I-405 R2B Express Toll Lanes
King County, Washington

Note: The assumed 1-foot vertical deformation (shown

above) is representative of an “abrupt elevation change” 19434-03

Minimum Allowable Distance to Travel Lane -
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00180-366-01 Date Exported: 01/11/22

Color | Name Material Model | Unit Effective | Effective
Weight | Cohesion | Friction
Angle

[l Barier High Strength | 150

] | Common Borrow Mohr-Coulomb | 120 0 32

[ ] | ESU 1B Medium Dense | Mohr-Coulomb | 130 0 40
to Very Dense
Coarse-Grained Fill

[ ] | ESU4B Dense to Very Mohr-Coulomb | 120 0 43
Dense Sand/Gravel

] | Gravel Borrow Mohr-Coulomb | 130 0 38

Notes:

1. The locations of all features shown are
approximate.

2. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.

3. GeoEngineers, Inc. cannot guarantee the accuracy and
context of electronic files. The master file is stored by
GeoEngineers, Inc. and will serve as the official record
of this communication.
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APPENDIX E - WALL 05.85L-A CALCULATIONS

General
This appendix presents geotechnical calculations for Wall 05.85L-A including:

ESU Soil Properties

Seismic Hazard Analysis

Lateral Earth Pressures

Coefficients of Friction for Sliding
Bearing Resistance and Elastic Settlement
Seepage Analysis

Global Stability

Compound Stability

ESU Soil Properties

Design soil properties were developed in accordance with the Project GDM, AASHTO LRFD, FHWA, WSDOT HRM, and the
USGS. We calculated the average, geometric mean, and standard deviation within each ESU. We verified the reliability of the
ESU data set by comparing the COV of each calculated geometric mean value to measured and interpreted values presented in
Sabatini et al. (2002) Table 52.

A detailed description of the soil property development is presented in Section 7.1 of this geotechnical engineering report.
Supporting calculations are provided in this appendix.

Seismic Hazard Analysis

We selected a representative site class for the wall from the site class evaluation of nearby borings. We evaluated the site class
of each boring using a spreadsheet developed by GeoEngineers in accordance with AASHTO LRFD Section 3.10.3.1.

We developed seismic design parameters using the WSDOT Bridge Engineering Software BEToolbox/BridgeLink in
accordance with the WSDOT BDM based on the projected ground motion at the project site that has a 7 percent (SEE)
probability of exceedance in a 75-year period (approximate 1,000-year return period).

We used a mean earthquake magnitude at the PGA period is 7.0 for the SEE based on the Hart Crowser design report “I-405
R2B Segment 1a Site-Specific Hazard Analysis RFU,” dated March 25, 2021.

We evaluated the FS against liquefaction and liquefaction-induced settlement of saturated, loose to medium dense soils in
accordance with the Project GDM Chapter 6 using a spreadsheet developed by GeoEngineers. Per Project GDM Section
6-4.2.3, soils with liquefaction potential are defined as those with FSs against liquefaction less than 1.2. Our analysis shows
that saturated, low-plasticity portions of ESU 2B at Wall 05.85L-A may be liquefiable. Estimated liquefaction-induced
settlement at Wall 05.85L-A ranges from 2 to 4 inches, considering the full thickness of ESU 2B present at H-2-85. We
estimate that differential liquefaction settlements in ESU 2B could be on the order of 1 to 2 inches. However, based on the
planned base of wall elevation, we do not anticipate that a significant thickness of ESU 2B will remain below the base of the
wall. In addition, based on our groundwater model, we anticipate that any ESU 2B material remaining below the wall will not
be saturated. Therefore, we do not anticipate liquefaction or related settlement of soil beneath the wall. Saturated portions of
ESU 2B downslope of the wall may experience liquefaction and related settlement.

Residual shear strength was calculated for liquefiable soils from existing relationships and procedures outlined in Project GDM
Section 6-2.2 using a spreadsheet developed by GeoEngineers. Residual strength calculations become unconservatively high
for liquefiable soils with an N1go corrected to an equivalent clean sand [N1eo(cs)] that is greater than 20. Using guidance
presented in WSDOT Report WA-RD 668.1 (Kramer 2008), we capped N1go(cs) to 20 to calculate a residual shear strength for
soils exhibiting liquefaction potential (FS against liquefaction < 1.2).

Geotechnical Engineering Report: Grade Separation Barrier 05.33R; Walls 05.55L, Walls 05.85L-A, and 05.85L-B;
and Embankment EMB: 1-405 SB MP 5.97 to 5.83
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Detailed descriptions of our seismic hazard analysis methodology and the results are presented in Section 7.2 and Section 8.1,
respectively, of this report. Site class calculations, WSDOT BDM software outputs, liquefaction analyses, and residual shear
strength calculations are provided in this appendix.

Lateral Earth Pressures

Active static lateral pressure coefficients and corresponding lateral earth pressures for ESU 2A were calculated on the back of
Wall 05.85L-A in accordance with AASHTO LRFD Section 3.11.5 using the proposed 2H:1V backslope behind the wall and
2H:1V foreslope in front of the wall. Static lateral earth pressures shall be applied using a triangular distribution. An LRFD
load factor of 1.5 shall be applied to the static earth pressures in accordance with AASHTO LRFD Table 3.4.1-2.

Due to relatively shallow embedment of the wall combined with a foreslope condition, passive lateral earth pressures shall be
ignored.

Active static + seismic lateral pressure coefficients and static + seismic lateral earth pressures were calculated using the GLE
Method in accordance with AASHTO LRFD Section A11.3.3 and NCHRP Report 611 Section 7.4. The GLE analysis was
evaluated for Spencer’s method using the computer design software Slope/W (Geo Slope International, Ltd. 2020). For the
static + seismic earth pressures, we used a modified horizontal seismic coefficient, kh, coupling a 50 percent reduction for
flexible wall displacements with a reduction for wave scattering effects. Static + seismic lateral earth pressures shall be applied
using a triangular distribution. An LRFD load factor of 1.0 shall be applied to the static + seismic earth pressures in accordance
with AASHTO LRFD Table 3.4.1-1.

Surcharge loads (such as traffic loading, fill loads above the wall, and forward compatible loading for future I-405 widening)
and appropriate load factors shall be applied to evaluate wall stability. All surcharges shall apply load factors in accordance
with AASHTO LRFD Tables 3.4.1-1 and 3.4.1-2.

A detailed description of our analysis methodology and the calculated results are presented in Section 7.3 and Section 8.2,
respectively. Supporting calculations are provided in this appendix.

Coefficients of Friction for Sliding

Coefficients of friction for sliding on surficial native soils, common borrow, select borrow, and gravel borrow were calculated
using AASHTO LRFD equation 10.6.3.4-2.

A detailed description of our analysis methodology and the results are presented in Section 7.4 and Section 8.3, respectively, of
this report. Supporting calculations are provided in this appendix.

Bearing Resistance and Elastic Settlement

We estimated the bearing resistance and elastic settlement of the wall using a spreadsheet developed by GeoEngineers in
accordance with AASHTO LRFD Section 10.6.3. We estimated elastic settlement from procedures outlined in AASHTO
LRFD and Section 10.6.2.4. Sliding, overturning, and internal stability are being evaluated by the design-build team’s wall
designers and will be submitted under separate cover.

A detailed description of our analysis methodology and the results are presented in Section 7.5 and Section 8.4, respectively, of
this report. Supporting calculations are provided in this appendix.

Seepage Analysis

We used finite element seepage modeling software, Seep/W, to estimate a steady state groundwater level at the wall. We used
existing groundwater measurements from piezometers in borings H-2-85 and H-3-85, subsurface soil hydraulic conductivity
properties, and precipitation data to develop a conceptual model of seepage patterns.

A detailed description of our analysis methodology is presented in Section 7.7, and discussion of the model development and
conclusions is presented in Section 8.5 of this report. Steady-state seepage results are presented in this appendix. Seep/W
output reports are provided in Appendix I.
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Global Stability

We performed global stability analyses for the following critical design section:
e Section Sta. 1+90 — Maximum overall slope height

Global stability was evaluated using limit equilibrium analysis methodology outlined in the Project GDM using the computer
design software Slope/W (Geo Slope International, Ltd. 2020). We analyzed FSs using Spencer’s method and Morgenstern-
Price for a circular failure surface.

We used an apparent cohesion in the surficial native soils for pseudo-static analyses. Apparent cohesion was based on the fines
content ranges presented in Table 11-2 of the FHWA Geotechnical Engineering Circular No. 3.

We evaluated post-seismic global stability using residual shear strengths for potentially liquefiable soil.

We modeled a 4-foot horizontal bench in front of the wall per AASHTO LRFD Section 11.10.2.2 and a front face embedment
depth of 3 feet using criteria outlined in AASHTO LRFD Table C11.10.2.2-1.

To meet minimum FSs, we used a minimum reinforcement length of 0.8H to model the SEW. We modeled a 1.5-foot clearance
between the reinforced zone and the temporary shoring, which was backfilled with imported gravel borrow. See Section 8.8.3
in this geotechnical report for discussion on temporary shoring.

We used the horizontal seismic coefficient, kh, for global stability presented in Table 8 of this geotechnical report for the
pseudo-static global stability analyses. We used the residual shear strength presented in Table 5 of this geotechnical report for
liquefiable soils to evaluate post-seismic global stability.

A uniform traffic surcharge of 250 psf was included in static stability analysis. A uniform traffic surcharge of 125 psf was
included for the seismic (pseudo-static and post-seismic) stability analyses. In accordance with Section 15-4.12 of the Project
GDM, we used a load factor of 1.0 for the static traffic surcharge because it is a non-structural load.

The groundwater level was modeled using results from the seepage analysis.

We also evaluated the global stability of the wall with a forward compatible wall for future [-405 widening. We modeled the
forward compatible wall directly above the proposed SEW with the face of the forward compatible wall set back 7 feet from
the face of the SEW. We modeled the backfill behind the forward compatible wall as lightweight EPS using the strength
properties presented in Table 7 and truncated the EPS behind the forward compatible wall at 4 feet from the proposed edge of
the traveled way. The required minimum static, pseudo-static, and post-seismic FSs were met for all forward compatible wall
cases.

Detailed descriptions of our global stability analysis methodology and the results of our analyses are presented in Section 7.8
and Section 8.6, respectively, of this report. Global stability models showing FS for critical failures at the design section are
provided in this appendix. Slope/W reports are provided in Appendix J.

Compound Stability

We used the results of the global stability analyses to model and evaluate compound stability at the critical design section using
the minimum reinforcement lengths required to meet the minimum FSs from the global stability analyses. To meet minimum
FSs for compound stability, we kept the upper 6 rows of reinforcing strips at a length of 0.8H (2 strips per row per panel), but
for the bottom 2 rows, we increased the length of reinforcing strips to 1.0H and increased the number of reinforcing strips to 4
per row per panel.

We used the horizontal seismic coefficient, kh, for compound stability presented in Table 8 and applied the apparent cohesion
presented in Table 5 for the pseudo-static analysis. We used the residual shear strength presented in Table 5 for liquefiable
soils to evaluate post-seismic compound stability.

We applied a uniform traffic surcharge of 437.5 psf directly over the reinforced zone and a uniform traffic surcharge of 250 psf
outside of the reinforced zone for the static compound stability analysis, and a traffic surcharge of 125psf for the seismic
(pseudo-static and post-seismic) compound stability analysis.

We used the piezometric surface from the seepage analysis to model the groundwater level.
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We also evaluated the compound stability of proposed Wall 05.85L-A considering forward compatible walls for future 1-405
widening, using the same geometry and strength properties from the global stability analyses for the forward compatible wall.
As one option to meet required compound stability minimum FSs, we modeled the backfill as lightweight EPS. We did not
explore all potential options as design of the forward compatible walls is outside the scope of this project, but minimally, the
option we did analyze demonstrated that future 1-405 widening projects can be designed and constructed without demolition or
reconstruction of Wall 05.85L-A.

Detailed descriptions of our compound stability analysis methodology and the results of our analyses are presented in Section
7.9 and Section 8.7, respectively, of this geotechnical report. Compound stability models showing FS for critical failures at the
design section are provided in this appendix. Slope/W reports are provided in Appendix K.
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Appendix E.1 - Wall 05.85L-A
Plan, Profile and Sections
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Appendix E.2 - Wall 05.85L-A
ESU Soll Property Calculations




Plasticity

Fully

Total No. of Fines® | |\ | RawN Neo (N)eo Total Unit | Effective Friction| . .~ | Effective | Residual | Residual Shear | Undrained Shear
ESU Description "o | uscse© % ! bpf, bpf bpf Weight & (pcf) |Angle, &' " (de ; 1 (psf) | &' (deg) | Strength, Sr (psf)| Strength, Su (psf)
p samples ° (%) PIC (%) (bpf) (bpf) (bpf) ght ® (pcf) |Angle, ¢' " (deg) ' (deg) | © (psf) ' " (deg) g (psf) g p
Value Value Value | Value | cov ? | Value | cov ? | Value | cov ? | Value | cov ? Value Value Value Value Value cov
Ls to Medi D C -
1A G‘::f:e d°Fme tum bense Loarse 7 sp-sM | 8 - 6 4 | a7% | 7 | aa% | 110 | 7% | 34 | 6% - - - - -
2A Very Loose to Loose Sand/Gravel 17 SM 20 - 9 7 52% 10 54% 110 7% 32 7% - - - - -
2B Medium Dense Sand/Gravel 6 SM 40 - 17 16 20% 14 22% 110 2% 32 3% - - - - -
4B Dense to Very Dense Sand/Gravel 16 SM 18 - 148 108 24% 111 25% 130 2% 43 3% - - - - -
Very Stiff to Hard Silt and
s |voryotiTtoRardsitand 5 MucL| 82 20 76 | 108 | 32% | 99 | 29% | 130 | 2% | 43 | 3% - - - - -
Clay/Dense to Very Dense Silt
Notes:

a. Coefficient of Variation (COV) percentage calculated to verify the variability and reliability of sample data within ESU (WSDOT GDM Section 5.11.2 (2015)). Calculated COV percentage compared to ranges presented in Table 52

(Sabatini et al. 2002) (below).

b. Number of samples excludes outliers.
c. Predominant USCS classification of all samples in ESU. Sandstone, where encountered, denoted as (SS).
d. Fines content percentage calculated as the geometric mean of all samples, whose values were determined through lab testing or estimated from field classification.
e. For coarse-grained ESUs, the plasticity index was estimated on the fine-grained portion of the soil. For fine-grained ESUs, if lab data is limited, the plasticity index may not be representative of the overall soil unit.
f. Corrected blow counts (Ng, and (N;)g) were calculated following WSDOT GDM Section 5.5 (2015).
g. Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu (2001), as specified in WOOD SPM. The geometric mean of the unit weights was
rounded to the nearest 5pcf, as specified in WOOD SPM. Unit weight data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

h. Design friction angles were selected by considering fines content. Friction angle data variability and quality were evaluated by comparing the calculated COV percentage to the applicable Sabatini range.

i. Where applicable, fully softened friction angle was estimated following WSDOT GDM, Figure 5-7 (After Stark and Hussain, 2013).
j. Where applicable, effective cohesion was calculated using Equations 6 through 8 in the WOOD Geotechnical SPM.
k. Where applicable, residual friction angle (to be used for slope stability evaluation) was estimated following WSDOT GDM, Figure 5-5 (After NAVFAC, 1971).

GeoEngineers, Inc.

Measured or interpreted parameter value Coefficient of Variation, V
(%)
Unit weight, y 3t07%
Buoyant unit weight, vy 0to 10%
Effective stress friction angle, ¢’ 2t013%
Undrained shear strength, s, 131040 %
Undrained strength ratio (s,/o,") 5to15%
Compression index, C. 10t0 37 %
Preconsolidation stress, o’ 10t0 35 %
Hydraulic conductivity of saturated clay, k 68 t0 90 %
Hydraulic conductivity of partly-saturated clay. k 130 to 240 %
Cocfficient of consolidation, ¢, 3310 68 %
Standard penetration blowcount, N 151045 %
Electric cone penetration test, qc 5t015%
Mechanical cone penetration test, qc 151037 %
Vane shear test undrained strength, suvst 1010 20 %

Source: Table 52 (Sabatini et al. 2002)




ESU Name: ESU 1A - Loose to Medium Dense Coarse-Grained Fill

¢' ¢'
%F Pl Su Sr
N Neo (Ny)eo (Lab) (high) (low) Sat. Unit Weight (psf) (psf)
(deg) (deg)
GeoMean: 6 4 7 8 - 34 29 110 - -
Average: 6 5 8 10 - 34 29 110
St. Dev.: 27 22 35 - - 1.9 1.9 8.2 - -
cov: 0.45 0.47 0.44 - - 0.05 0.06 0.07
Pl & v Su sr®
Boring Elevation N Neo (N1)so %F 3 (high) (low) Sat. Unit Weight uscs Explanation for Sample Removal
(Lab) (psf) (psf)
(deg) (deg)
H-1-85 199.59 4 3 5 18 - 33 28 95 - - SM
H-1-85 197.59 8 6 10 18 - 36 31 110 - - SM
H-2-85 185.09 7 5 9 15 - 35 30 110 - - SM
H-3-85 214.99 5 4 6 4 N 34 29 110 - - SP
H-3-85 212.99 3 2 4 4 - 32 27 105 - - SP
H-3-85 210.99 5 4 7 4 - 34 29 120 - - N
H-3-85 208.49 11 9 14 5 N 37 32 1175 - - SP-SM

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained Shear Strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties, or using the average of two lab tested samples.

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 1A - Loose to Medium Dense Coarse-Grained Fill

1. Check N160 COV is between 15 and 45%

Selected Design N160: 7

Coefficient of Variation (COV): 0.44

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13% WSDOT GDM Table 5-1
icti SPT (N,)¢, Vs drained friction angle ¢ (degrees
(Ny)eo (blows per foot) Friction angle ¢ (N1)eo gle ¢ (deg )
(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 & 40 R?=0.9924
- ©
4 27 g 35 y = 4.236In(x) + 20.903
4 32 w R? = 0.9924
10 30 5 30
c
10 35 225
30 35 £
20
30 40 0 10 20 30 40 50 60
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 34 29 32 0.06
Selected Design Phi' (deg): 34 |

The estimated fines content is 8% (geomean). The friction angle is interpolated based on fines content (phi' (high) at 5% fines, and phi' (low) at

Notes on Selection:
30% fines).

Pick Representative USCS: SP-SM *Using Predominant USCS Classification
Pick Representative Unit Weight: 110

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
Notes on Selection: (2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 7%.




ESU 1A - Loose to Medium Dense Coarse-Grained Fill

Phi'
(With Selected Samples Removed*)

N160
(With Selected Samples Removed*)
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*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 2A - Very Loose to Loose Sand/Gravel

GeoMean: 9 7 10 20 - 35 30 110 - -
Average: 10 8 11 21 - 36 31 110 - -
St. Dev.: 5.1 4.4 59 - - 21 21 7.2 - -
cov: 0.53 0.52 0.54 - - 0.06 0.07 0.07 - -
Pl g Y Su srt
Boring Elevation N Nso (N1)so %F 3 (high) (low) Sat. Unit Weight| uscs Explanation for Sample Removal
(Lab) (psf) (psf)
(deg) (deg)
H-1-85 195.59 3 2 4 22 - 32 27 90 - - SM
H-1-85 193.09 4 3 5 28 - 33 28 95 - - SM
190.59 10 9 12 18 - 36 31 110 - - SM
188.09 9 8 10 31 - 36 31 110 - - SM
183.09 17 13 22 24 - 39 34 115 - - SM
181.09 13 10 18 15 N 38 33 115 - - SM
178.59 20 16 23 18 - 39 34 115 - - SM
176.09 8 7 9 16 - 35 30 110 - - SM
173.59 7 6 7 30 - 34 29 110 - - SM
171.09 7 7 8 22 - 34 29 110 - - SM
168.59 20 19 20 25 - 39 34 115 - - SM
166.09 10 10 9 27 - 35 30 110 - - SM
163.59 7 7 6 24 - 34 29 100 - - SM
205.99 5 4 6 10 - 34 29 105 - - SP-SM
203.49 8 7 9 12 - 35 30 115 - - SP-SM
200.99 6 6 7 12 - 34 29 110 - - SM
198.49 11 10 11 19 - 36 31 110 - - SM

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained Shear Strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties, or using the average of two lab tested samples.
4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an
(N1)60cs>20, uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 2A - Very Loose to Loose Sand/Gravel

1. Check N160 COV is between 15 and 45%

Selected Design N160:

10

Coefficient of Variation (COV):

0.54

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13%

(Ny)¢o (blows per foot)

Friction angle ¢

WSDOT GDM Table 5-1
SPT (N;)go Vs drained friction angle ¢ (degrees)

(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 & 40 R?=0.9924
- o
4 27 g 35 y = 4.236In(x) + 20.903
4 32 w R? = 0.9924
€ 30
10 30 ©
10 35 225
30 35 £ 2
30 40 10 20 30 40 50
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 35 30 33 0.07
Selected Design Phi' (deg): 32 |

60

Notes on Selection:

The estimated fines content is 20% (geomean). The friction angle is interpolated based on fines content (phi' (high) at 5% fines, and phi' (low) at

30% fines).

Pick Representative USCS:

SM

Pick Representative Unit Weight:

110

*Using Predominant USCS Classification

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 7%.




ESU 2A - Very Loose to Loose Sand/Gravel
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(With Selected Samples Removed*)
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(With Selected Samples Removed*)
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*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 2B - Medium Dense Sand/Gravel

¢' ¢'
%F Pl Su Sr
N Neo (Ny)eo (Lab) (high) (low) Sat. Unit Weight (psf) (psf)
(deg) (deg)
GeoMean: 17 16 14 40 - 37 32 110 - 497
Average: 17 17 15 44 - 37 32 110 - 514
St. Dev.: 34 33 32 - - 1.0 1.0 20 - -
cov: 0.20 0.20 0.22 - - 0.03 0.03 0.02
Pl & v Su sr®
Boring Elevation N Neo (N1)so %F 3 (high) (low) Sat. Unit Weight uscs Explanation for Sample Removal
(Lab) (psf) (psf)
(deg) (deg)
H-2-85 161.09 18 17 15 26 - 37 32 110 - 527 SM
H-2-85 158.59 17 16 14 60 - 37 32 110 - 538 ML
H-2-85 156.09 11 11 9 51 - 35 30 110 - 331 ML
H-2-85 153.59 21 21 18 33 N 38 33 115 - 735 SM
H-2-85 151.09 16 16 13 22 - 37 32 110 - 441 SM
H-3-85 195.99 19 18 18 70 - 38 33 110 - - ML

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained Shear Strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties, or using the average of two lab tested samples.

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 2B - Medium Dense Sand/Gravel

1. Check N160 COV is between 15 and 45%

Selected Design N160: 14
Coefficient of Variation (COV): 0.22
* 15 and 45% come from GEC 5 Sabatini (2002)
2. Check Phi' is between 2 to 13% WSDOT GDM Table 5-1
icti SPT (N,)¢, Vs drained friction angle ¢ (degrees
(Ny)eo (blows per foot) Friction angle ¢ (N1)eo gle ¢ (deg )
(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 %0 40 R?=0.9924
4 27 g 35 y =4.236In(x) + 20.903
4 32 w R? = 0.9924
< 30
10 30 ©
10 35 225
30 35 £
20
30 40 0 10 20 30 40 50 60
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 37 32 35 0.03
Selected Design Phi' (deg): 32 |

Notes on Selection:

The estimated fines content is 40% (geomean). The high fines content supports the use of the lower bound of the friction angle range.

Pick Representative USCS:

SM *Using Predominant USCS Classification

Pick Representative Unit Weight:

110

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set
COV was 2%.

4. Residual Strength (psf):

Sr Selected:

497 |

Notes on Selection:

Individual sample residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine
residual strengths for samples with (N1)60cs less than or equal to 20.




ESU 2B - Medium Dense Sand/Gravel
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*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 4B - Dense to Very Dense Sand/Gravel
@' @'
%F Pl Su Sr
N Ngo (N1)so (Lab) (high) (low) Sat. Unit Weight (psf) (psf)
(deg) (deg)
GeoMean: 148 108 111 18 - 46 41 130 - -
Average: 174 111 114 23 - 46 41 130
St. Dev.: 106.1 26.1 283 - - 11 11 3.0 - -
cov: 0.61 0.24 0.25 - - 0.02 0.03 0.02
Pl & &' Su srt
Boring Elevation N Ngo (N1)eo %F* (high) (low) Sat. Unit Weight uscs Explanation for Sample Removal
(Lab) (psf) (psf)
(deg) (deg)
W-217-20 217.1 93 102 167 45 - 48 43 130 - - SM
W-217-20 214.6 63 74 101 30 - 45 40 130 - - SM
W-217-20 212.1 111 117 144 37 - 47 42 130 - - SM
W-217-20 209.6 100 125 142 40 N 47 42 130 - - SM
W-217-20 204.6 100 139 148 40 - 47 42 130 - - SM
W-217-20 199.6 300 139 141 40 - 47 42 130 - - N
W-217-20 169.6 300 147 124 11 - 46 41 140 - - SW
W-217-20 164.6 120 147 121 30 - 46 41 130 - - SM
W-217-20 159.6 120 147 119 30 B 46 41 130 - - GM
H-1-85 185.59 138 95 102 8 - 46 41 130 - - SP-SM
H-1-85 183.09 297 95 97 9 - 45 40 130 - - SP-SM
H-1-85 180.59 400 95 93 7 - 45 40 135 - - SP-SM
H-1-85 175.59 300 95 90 6 - 45 40 135 - - SP-SM
H-2-85 148.59 71 71 63 7 - 43 38 135 - - SP-SM
193.49 118 95 91 11 - 45 40 130 - - SP-SM
H-3-85 190.99 153 95 88 11 - 45 40 130 - - SM

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained Shear Strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties, or using the average of two lab tested samples.

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 4B - Dense to Very Dense Sand/Gravel

1. Check N160 COV is between 15 and 45%

Selected Design N160:

111

Coefficient of Variation (COV):

0.25

* 15 and 45% come from GEC 5 Sabatini (2002)

2. Check Phi' is between 2 to 13%

(Ny)¢o (blows per foot)

Friction angle ¢

WSDOT GDM Table 5-1
SPT (N;)go Vs drained friction angle ¢ (degrees)

(degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 & 40 R?=0.9924
- o
4 27 g 35 y = 4.236In(x) + 20.903
4 32 w R? = 0.9924
€ 30
10 30 ©
10 35 225
30 35 £ 2
30 40 10 20 30 40 50
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 46 41 43 0.03
Selected Design Phi' (deg): 43 |

60

Notes on Selection:

The estimated geomean fines content is 18% (geomean). The friction angle is taken as the upper bound and capped at 43 degrees for glacially
consolidated material with fines content less than 70%.

Pick Representative USCS:

SM

Pick Representative Unit Weight:

130

*Using Predominant USCS Classification

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set

COV was 2%.




ESU 4B - Dense to Very Dense Sand/Gravel
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*See sample table for explanation for removing specified samples if applicable



ESU Name: ESU 5B - Very Stiff to Hard Silt and Clay/Dense to Very Dense Silt

¢' ¢'
%F Pl Su Sr
N Neo (Ny)eo (Lab) (high) (low) Sat. Unit Weight (psf) (psf)
(deg) (deg)
GeoMean: 76 108 99 82 20 45 40 130 - -
Average: 80 113 102 83 21 45 40 130
St. Dev.: 26.3 35.8 29.2 - - 13 13 22 - -
cov: 0.33 0.32 0.29 - - 0.03 0.03 0.02
Pl & v Su sr®
Boring Elevation N Neo (N1)so %F 3 (high) (low) Sat. Unit Weight uscs Explanation for Sample Removal
(Lab) (psf) (psf)
(deg) (deg)
W-217-20 194.6 51 71 69 90 18 44 39 130 - - ML
W-217-20 189.6 82 120 113 90 - 46 41 130 - - ML
W-217-20 184.6 55 81 73 92 16 44 39 130 - - CL
W-217-20 179.6 100 147 130 73 28 47 42 125 - - CH
W-217-20 174.6 110 147 127 70 - 46 41 130 - - CL

Notes:

1. Highlighted cells in yellow if shown represent samples that were removed as outliers.

2. Friction angle, unit weight, and corrected blow count values were correlated using specified methodology in the WOOD Geotechnical SPM. Where applicable, undrained Shear Strength of fine grained ESUs were determined using Equation 9 in the WOOD Geotechnical SPM.

3. Fines content percentages determined through laboratory testing are highlighted in orange if shown. Non-highlighted values have been estimated from sample field classifications, applying the fines content of a lab tested sample with similar properties, or using the average of two lab tested samples.

4. Where applicable, residual strength is calculated using the existing relationships and weighting scheme per the GDM (section 6-2.2) to determine residual strengths for samples with (N1)60cs less than or equal to 20. Per Kramer 2008, samples that triggered liquefaction (FoS<1.2) but also has an (N1)60cs>20,
uses the residual strength value for a soil with (N1)60cs=20, effectively capping the residual strength calculation at (N1)60cs=20.



ESU 5B - Very Stiff to Hard Silt and Clay/Dense to Very Dense Silt

1. Check N160 COV is between 15 and 45%

Selected Design N160: 99
Coefficient of Variation (COV): 0.29
* 15 and 45% come from GEC 5 Sabatini (2002)
2. Check Phi' is between 2 to 13% WSDOT GDM Table 5-1
(N, (blows per foot] Friction angle & SPT (N;)go Vs drained friction angle ¢ (degrees)
110 (degrees) %
2.5 25 o y = 4.236In(x) + 25.903
25 30 %0 40 R?=0.9924
4 27 g 35 y =4.236In(x) + 20.903
4 32 w R? = 0.9924
10 30 5 30
c
10 35 225
30 35 £
20
30 40 0 10 20 30 40 50 60
50 38
) 3 (N;)g0, blows per foot
* Phi' Developed from WSDOT Correlation
* 2 to 13% comes from GEC 5 Sabatini (2002) ¢ (high) ¢ (low) $ (avg) ¢' COV
GeoMean: 45 40 43 0.03
Selected Design Phi' (deg): 43 |

Notes on Selection:

The estimated geomean fines content is 82% (geomean). The friction angle is taken as the average of upper bound and lower bound and capped at
43 degrees for glacially consolidated material with fines content more than 70%.

Pick Representative USCS:

ML/CL *Using Predominant USCS Classification

Pick Representative Unit Weight:

130

Notes on Selection:

Individual sample unit weights were correlated using CALTRANS Geotechnical Manual (2014), verified with applicable ranges presented in Codotu
(2001), as specified in WOOD SPM. The geometric mean of the unit weights was rounded to the nearest 5pcf, as specified in WOOD SPM. Data set
COV was 2%.




ESU 5B - Very Stiff to Hard Silt and Clay/Dense to Very Dense Silt
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*See sample table for explanation for removing specified samples if applicable



One of the primary shortcomings of the Mononobe-Okabe method is that it cannot consider the effect of
cohesion in the backfill on the seismic active earth pressure. Even relatively small amounts of cohesion
in the backfill can significantly reduce the seismic active earth pressure. Sources of cohesion in backfill
soils include both true cohesion due to inter-particle bonding and apparent cohesion due to capillary
forces in the backfill. The influence of cohesion on the seismic active earth pressure is a function of the
normalizing parameter cy/H, where vy is the unit weight of the backfill soil. Figure 11-14 presents a plot
of the seismic active earth pressure coefficient, kg, as a function of the normalizing parameter ¢/yH and
the seismic coefficient, ky, for a friction angle of 35° and for a uniform level backfill. An Appendix in

NCHRP Report 611 presents additional plots for friction angles of 30° and 40°.

Figure 11-14  Effect of cohesion on the seismic active earth pressure coefficient for ¢ = 35° (NCHRP,
2008)

NCHRP Report 611 provides recommendations for the maximum amount of apparent cohesion that
should 